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(57) ABSTRACT

According to an aspect, a display device with a touch
detection function includes a controller, touch wiring that
supplies a touch drive signal to drive electrodes, and a
plurality of switch groups that are provided for each of the
drive electrodes, each of the plurality of switch groups
having selection switches. The plurality of switch groups
select a drive electrode to be coupled to a touch wiring based
on a selection signal from the controller. The selection
switches for each of the plurality of switch groups are
coupled 1n parallel with each other between a corresponding
drive electrode and the touch wiring, and for each of the
drive electrodes, all of the selection switches operate 1n
accordance with the selection signal, couple the correspond-
ing drive electrodes and the touch wiring, and apply the

touch drive signal to the corresponding drive electrodes.
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DISPLAY DEVICE WITH TOUCH
DETECTION FUNCTION AND ELECTRONIC
APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application 1s a continuation application of
U.S. patent application Ser. No. 15/806,873, filed on Nov. 8,
2017, which 1s a continuation of U.S. patent application Ser.
No. 14/152,052, filed on Jan. 10, 2014, now U.S. Pat. No.
9,836,168 1ssued on Dec. 5, 2017, which claims priority to
Japanese Priority Patent Application JP 2013-003005 filed 1n
the Japan Patent Oflice on Jan. 10, 2013, and JP 2014-
001330 filed 1n the Japan Patent Oflice on Jan. 8, 2014, the

entire content of which 1s hereby incorporated by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to a display device and
clectronic apparatus capable of detecting an externally
approaching object, and more particularly, to a display
device with a touch detection function and an electronic
apparatus capable of detecting an externally approaching
object based on a change in electrostatic capacitance.

2. Description of the Related Art

Recently, much attention has been paid to a touch detec-
tion device, which 1s called touch panel, capable of detecting
an externally approaching object. The touch panel 1s used for
a display device with a touch detection function 1n which the
touch detection device 1s attached onto or integrated with
display device such as liquid crystal display device. The
display device with a touch detection function enable the
touch panel to be used for information mmput as substitutes
for conventional mechanical buttons by displaying various
button 1mages on the display device. The display device with
a touch detection function having such touch panel requires
no mput devices such as a keyboard, a mouse, and a keypad,
thereby tending to be widely used for a portable information
terminal such as a portable phone 1n addition to a computer.

There are several touch detection methods such as optical
method, resistive method, and electrostatic capacitance
method used for the touch detection device. The touch
detection device using the electrostatic capacitance method
has relatively simple structures and can achieve low power
consumption device when used 1n the portable information
terminal, for example. For example, Japanese Patent Appli-
cation Laid-open Publication No. 2012-221485 (JP-A-2012-
221485) discloses an electrostatic capacitive touch panel.

In the display device with a touch detection function,
which integrate therein a display function and a touch
detection function, an operation for detecting a touch may
influence the display, for example. The display panel with a
touch detection function (display device with a touch detec-
tion function) disclosed i JP-A-2012-221485 can reduce
the influence on the display due to the touch detection. The
display panel with a touch detection function disclosed 1n
JP-A-2012-221485 includes a drive unit that selectively
applies a direct-current drive signal VcomDC or an alter-
nating-current drive signal VcomAC to a drive electrode. In
the display panel with a touch detection function, the drive
signal 1s applied to the drive electrode and a signal according
to the drive signal 1s output from a touch detection electrode
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2

while a display element 1s display-driven. Two wiring for
supplying the direct-current drive signal VcomDC and the

alternating-current drive signal VcomAC to the drnive elec-
trode thus need to be routed 1n a frame area.

The display panel with a touch detection function dis-
closed 1n JP-A-2012-221485 1includes a selection switch that
selectively supplies the direct-current drive signal VcomDC
and the alternating-current drive signal VcomAC to the
drive electrode through the two wiring. In the display panel
with a touch detection function disclosed 1 JP-A-2012-
221485, the interconnection resistance in the selection
switch may influence a time constant of a waveform of the
drive signal. The selection switch, thus, needs to be enlarged
in order to reduce the interconnection resistance thereof. The
increase 1n the size of the selection switch may enlarge the
frame area, which does not contribute to function as a
display area.

For the foregoing reasons, there 1s a need for a display
device with a touch detection function and an electronic
apparatus capable of reducing the interconnection resistance
ol the selection switch that selects a drive electrode to which
the drive signal 1s applied and capable of reducing the frame
n size.

SUMMARY

According to an aspect, a display device with a touch
detection function includes: a display area including a
plurality of pixel electrodes arranged 1n a matrix on a
substrate; a plurality of drive electrodes that are disposed to
tace the plurality of pixel electrodes; a display function layer
that has an 1mage display function to display an image in the
display area; a controller that performs 1image display con-
trol to fulfill the image display function of the display
function layer by applying a display drive voltage between
the plurality of pixel electrodes and the plurality of drive
clectrodes based on an i1mage signal; a plurality of touch
detection electrodes that face the plurality of drive elec-
trodes, and form an electrostatic capacitance between the
plurality of drive electrodes and the plurality of touch
detection electrodes; a touch detection unit that detects a
position of an approaching object based on a detection signal
from the plurality of touch detection electrodes; touch
wiring that 1s routed 1n a frame area located outside the
display area and supplies a touch drive signal to the plurality
of drive electrodes; and a plurality of switch groups that are
provided for each of the plurality of drnive electrodes, each
of the plurality of switch groups having a plurality of
selection switches that operate based on a selection signal
from the controller. The plurality of switch groups select a
drive electrode to be coupled to the touch wiring from the
plurality of drive electrodes based on a selection signal from
the controller, and the plurality of selection switches for each
of the plurality of switch groups are coupled 1n parallel with
cach other between a corresponding drive electrode and the
touch wiring, and for each of the plurality of drnive elec-
trodes, all of the plurality of selection switches operate in
accordance with the selection signal, couple the correspond-
ing drive electrodes and the touch wiring, and apply the
touch drive signal to the corresponding drive electrodes.

According to another aspect, an electronic apparatus has
a display device with a touch detection function capable of
detecting an externally approaching object. The display
device with a touch detection function includes: a display
area including a plurality of pixel electrodes arranged 1n a
matrix on a substrate; a plurality of drive electrodes that are
disposed to face the plurality of pixel electrodes; a display
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function layer that has an 1image display function to display
an 1mage in the display area; a controller that performs
image display control to fulfill the image display function of
the display function layer by applyving a display drive
voltage between the plurality of pixel electrodes and the
plurality of drive electrodes based on an 1mage signal; a
plurality of touch detection electrodes that face the plurality
of drive electrodes, and form an electrostatic capacitance
between the plurality of drive electrodes and the plurality of
touch detection electrodes; a touch detection unit that detects
a position ol an approaching object based on a detection
signal from the plurality of touch detection electrodes; touch
wiring that 1s routed in a frame area located outside the
display area and supplies a touch drive signal to the plurality
of drive electrodes; and a plurality of switch groups that are
provided for each of the plurality of drive electrodes, each
of the plurality of switch groups having a plurality of
selection switches that operate based on a selection signal
from the controller. The plurality of switch groups select a
drive electrode to be coupled to the touch wiring from the
plurality of drive electrodes based on a selection signal from
the controller, and the plurality of selection switches for each
of the plurality of switch groups are coupled 1n parallel with
cach other between a corresponding drive electrode and the
touch wiring, and for each of the plurality of drive elec-
trodes, all of the plurality of selection switches operate in
accordance with the selection signal, couple the correspond-
ing drive electrodes and the touch wiring, and apply the
touch drive signal to the corresponding drive electrodes.
Additional features and advantages are described herein,

and will be apparent from the following Detailed Descrip-
tion and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a block diagram 1llustrating an example of the
configuration of a display device with a touch detection
function according to a first embodiment;

FIG. 2 1s a diagram to explain a basic principle of an
clectrostatic capacitance type touch detection method and a
state where a finger does not come into contact with or
approaches a device;

FIG. 3 1s an explanatory diagram illustrating an example
of an equivalent circuit of the state illustrated 1in FIG. 2;

FIG. 4 1s a diagram to explain the basic principle of the
clectrostatic capacitance type touch detection method and a
state where a finger comes 1nto contact with or approaches
a device;

FIG. 5 1s an explanatory diagram illustrating an example
of an equivalent circuit of the state illustrated 1n FIG. 4;

FIG. 6 1s a schematic diagram 1llustrating an example of
wavelorms of a drive signal and a touch detection signal;

FIG. 7 1s a schematic diagram 1llustrating an example of
a module on which the display device with a touch detection
function according to the first embodiment 1s mounted;

FIG. 8 1s a cross-sectional diagram 1llustrating a sche-
matic cross-sectional structure of a display unit with a touch
detection function according to the first embodiment;

FIG. 9 1s a schematic diagram 1llustrating an example of
a controller of the display device with a touch detection
function according to the first embodiment;

FIG. 10 1s a circuit diagram 1illustrating a pixel arrange-
ment of the display unit with a touch detection function
according to the first embodiment;

FIG. 11 1s a schematic diagram to explain a relation
between a source driver and a pixel signal line in the module
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4

on which the display device with a touch detection function
according to the first embodiment 1s mounted;

FIG. 12 15 a perspective view 1illustrating an example of
the configuration of drive electrodes and touch detection
clectrodes of the display unit with a touch detection function
according to the first embodiment;

FIG. 13 15 a schematic diagram 1illustrating an operation
example of touch detection in the display device with a
touch detection function according to the first embodiment;

FIG. 14 15 a schematic diagram illustrating the operation
example of the touch detection 1n the display device with a
touch detection function according to the first embodiment;

FIG. 15 1s a schematic diagram illustrating the operation
example of the touch detection 1n the display device with a
touch detection function according to the first embodiment;

FIG. 16 1s a schematic diagram to explain display opera-
tion and touch detection operation 1n the display device with
a touch detection function according to the first embodi-
ment,

FIG. 17 1s a block diagram illustrating a drive signal
generator of a drive electrode driver according to the first
embodiment;

FIG. 18 1s a block diagram illustrating the drive electrode
driver according to the first embodiment;

FIG. 19 1s a block diagram 1illustrating a drive unit of the
drive electrode driver according to the first embodiment;

FIG. 20 1s a block diagram 1illustrating an arrangement
example of selection switches of the drnive electrode driver
according to the first embodiment;

FIG. 21 1s an explanatory diagram illustrating an example
of timing waves of the display device with a touch detection
function;

FIG. 22 1s an explanatory diagram illustrating an opera-
tion example of touch detection scan;

FIG. 23 1s a schematic diagram illustrating an example of
the controller of the display device with a touch detection
function according to a second embodiment;

FIG. 24 1s a block diagram illustrating the drive unit of the
drive electrode driver according to the second embodiment;

FIG. 25 1s a block diagram illustrating an arrangement
example of the selection switches of the drive electrode
driver according to the second embodiment;

FIG. 26 1s a block diagram 1illustrating the drive unit of the
drive electrode driver according to a third embodiment;

FIG. 27 1s a block diagram illustrating an arrangement
example of the selection switches of the drive electrode
driver according to the third embodiment;

FIG. 28 1s a cross-sectional diagram illustrating a sche-
matic cross-sectional structure of the display umt with a
touch detection function according to a modification;

FIG. 29 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a
touch detection function according to the embodiments 1s
applied;

FIG. 30 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a
touch detection function according to the embodiments 1s
applied;

FIG. 31 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a
touch detection function according to the embodiments 1s
applied;

FIG. 32 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a
touch detection function according to the embodiments 1s
applied;
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FIG. 33 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a

touch detection function according to the embodiments 1s
applied;

FI1G. 34 1s a schematic diagram illustrating an example of 53
an electronic apparatus to which the display device with a
touch detection function according to the embodiments 1s
applied;

FI1G. 35 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a 10
touch detection function according to the embodiments 1s
applied;

FIG. 36 1s a schematic diagram illustrating an example of
an e¢lectronic apparatus to which the display device with a
touch detection function according to the embodiments 1s 15
applied;

FI1G. 37 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a
touch detection function according to the embodiments 1s
applied; 20

FIG. 38 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a
touch detection function according to the embodiments 1s
applied;

FIG. 39 1s a schematic diagram illustrating an example of 25
an eclectronic apparatus to which the display device with a
touch detection function according to the embodiments 1s
applied;

FI1G. 40 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a 30
touch detection function according to the embodiments 1s
applied; and

FI1G. 41 1s a schematic diagram illustrating an example of
an electronic apparatus to which the display device with a
touch detection function according to the embodiments 1s 35
applied.

DETAILED DESCRIPTION

Embodiments of the present disclosure are described 40
below 1n detail with reference to the accompanying draw-
ings. The description of the following embodiments does not
limit the present disclosure. The constituent elements of the
following embodiments include elements easily envisaged
by those skilled in the art and identical elements. The 45
constitute elements described below can also be combined
as appropriate. The description will be made in the following
order.

1. Embodiments (display device with a touch detection
function) 50

1-1. First Embodiment

1-2. Second Embodiment

1-3. Third Embodiment

2. Application Examples (electronic apparatuses)

Examples 1 which the display device with a touch 55
detection function according to the embodiments mentioned
above are applied to electronic apparatuses

3. Aspects of the Present Disclosure

1. Embodiments

1-1. First Embodiment 60

1-1A. Configuration Example

Overall Configuration Example

FIG. 1 1s a block diagram 1llustrating an example of the
configuration of a display device with a touch detection
function according to a first embodiment. A display device 65
with a touch detection function 1 includes a display unit with
a touch detection function 10, a control unit 11, a gate driver

6

12, a source driver 13, a source selector 13S, a drive
electrode driver 14, and a touch detection unit 40. In the
display device with a touch detection function 1, the display
umt with a touch detection function 10 1s a display device
having a touch detection function built therein. The display
unit with a touch detection function 10 1s an in-cell type
device 1n which a liquid crystal display unit 20 using a liquid
crystal element as a display element and an electrostatic
capacitance type touch detection device 30 are integrated.
The display unit with a touch detection function 10 may be
an on-cell type device in which the electrostatic capacitance
type touch detection device 30 1s attached onto the liquid
crystal display unit 20 using the liquid crystal element as the
display element.

The liquid crystal display unit 20 performs display by
sequentially scanning each one horizontal line 1n accordance
with a scan signal Vscan supplied from the gate driver 12,
which 1s described later. The control unit 11 supplies control
signals to the gate driver 12, the source driver 13, the dnive
electrode driver 14, and the touch detection unit 40 based on
a video signal Vdisp externally supplied so as to control the
gate driver 12, the source driver 13, the drive electrode
driver 14, and the touch detection unit 40 to operate 1n
synchronization with each other. The controller in the pres-
ent disclosure includes the control unit 11, the gate driver 12,
the source driver 13, and the drive electrode driver 14.

The gate driver 12 has a function of sequentially selecting
one horizontal line as a target of display driving of the
display umit with a touch detection function 10, based on the
control signal supplied from the control unit 11.

The source driver 13 1s a circuit that supplies a pixel
signal Vpix to each pixel Pix (sub-pixel SPix), which 1s
described later, of the display unit with a touch detection
function 10 based on the control signal supplied from the
control unit 11. The source driver 13 generates an 1mage
signal 1 which the pixel signals Vpix of a plurality of
sub-pixels SPix of the liquid display unit 20 are time-
division multiplexed from the video signal Vdisp for one
horizontal line, and supplies the generated image signal to
the source selector 13S, which 1s described later. The source
driver 13 also generates a switch control signal Vsel nec-
essary to separate the pixel signals Vpix multiplexed 1n an
image signal Vsig from the image signal Vsig, and supplies
the switch control signal Vsel to the source selector 13S
together with the pixel signals Vpix. The source selector 13S
can reduce the number of wiring between the source driver
13 and the control umt 11.

The drive electrode driver 14 1s a circuit that supplies a
drive signal VcomAC for touch detection (touch drive
signal, hereinafter referred to as the drive signal) and a
display drive voltage VcomDC serving as a voltage for
displaying to a drnive electrode COML, which 1s described
later, of the display unit with a touch detection function 10
based on the control signal supplied from the control unit 11.

The touch detection umit 40 1s a circuit that detects
existence of a touch (the touch conditions described below)
on the touch detection device 30 based on the control signal
supplied from the control unit 11 and a touch detection
signal Vdet supplied from the touch detection device 30 of
the display unmit with a touch detection function 10, and
obtains the coordinates of the touch in a touch detected area
when the touch exists. The touch detection unit 40 includes
a touch detection signal amplifier 42, an analog-digital
(A/D) converter 43, a signal processor 44, a coordinate
extraction unit 45, and a detection timing controller 46.

The touch detection signal amplifier 42 amplifies the
touch detection signal Vdet supplied from the touch detec-
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tion device 30. The touch detection signal amplifier 42 may
include a low pass analog filter that removes a high fre-
quency component (noise component) imncluded in the touch
detection signal Vdet and extracts touch components and
outputs the touch components.

Basic Principle of Electrostatic Capacitance Type Touch
Detection

The touch detection device 30 operates based on the basic
principle of electrostatic capacitance type touch detection
and outputs the touch detection signal Vdet. The following
describes the basic principle of touch detection 1n the display
device with a touch detection function 1 of the embodiment
with reference to FIGS. 1 to 6. FIG. 2 1s a diagram to explain
a basic principle of an electrostatic capacitance type touch
detection method and a state where a finger does not come
into contact with or approach a device. FIG. 3 1s an explana-
tory diagram 1llustrating an example of an equivalent circuit
of the state illustrated in FIG. 2. FIG. 4 1s a diagram to
explain the basic principle of the electrostatic capacitance
type touch detection method and a state where a finger
comes 1nto contact with or approaches a device. FIG. 5 1s an
explanatory diagram illustrating an example of the equiva-
lent circuit of the state illustrated 1in FIG. 4. FIG. 6 15 a
schematic diagram 1llustrating an example of wavetorms of
the drive signal and the touch detection signal.

As 1llustrated 1n FIG. 2, a capacitive element C1 includes
a pair ol electrodes of a drive electrode E1 and a touch
detection electrode E2, which are disposed to face each other
with a dielectric substance D interposed therebetween, for
example. As illustrated i FIG. 3, the one end of the
capacitive element C1 1s coupled to an alternating-current
(AC) signal source (drive signal source) S and the other end
thereol 1s coupled to a voltage detector (touch detection unit)
DET. The voltage detector DET 1s an integrating circuit
included 1n the touch detection signal amplifier 42 1llustrated
in FIG. 1, for example.

When an alternating-current (AC) rectangular wave Sg
having a predetermined frequency (e.g., from about several
to several hundred kilohertz) 1s applied to the drive electrode
E1 (the one end of the capacitive element C1) from the AC
signal source S, an output waveform (the touch detection
signal Vdet) appears through the voltage detector DET
coupled on a side adjacent to the touch detection electrode
E2 (the other end of the capacitive element C1). The AC
rectangular wave Sg corresponds to the drive signal Vco-
mAC, which 1s described later.

In the state where a finger does not come 1nto contact with
(or approach) a device (non-contact state), as illustrated 1n
FIGS. 2 and 3, a current I, flows in accordance with a
capacitance value of the capacitive element C1 during the
charging and discharging of the capacitive element C1. The
voltage detector DET illustrated in FIG. 3 converts a change
in current I, according to the AC rectangular wave Sg into
a change 1n voltage (a wavetorm V illustrated with the
actual line in FIG. 6).

In the state where a finger comes into contact with (or
approaches) a display (contact state), as 1llustrated 1n FIG. 4,
the electrostatic capacitance acts as a capacitive element C1'
having a smaller capacitance value than that of the capaci-
tive element C1 because a fringe component of the electro-
static capacitance between the drive electrode E1 and the
touch detection electrode E2 1s blocked due to an electro-
static capacitance C2, which 1s formed by the finger, comes
into contact with or exists near the touch detection electrode
E2. As illustrated 1n the equivalent circuit in FIG. 3, a current
I, flows 1n the capacitive element C1'. As illustrated 1n FIG.
6, the voltage detector DET converts a change 1n current I,
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according to the AC rectangular wave Sg into a change 1n
voltage (a wavetform V, illustrated with the dotted line). In
this case, the amphtude of the waveform V, 1s smaller than
that of the wavetorm V,. The absolute Value IAVI] of a
difference 1n voltage between the wavetform V, and the
wavelorm V, changes 1n accordance with the influence of an
externally approaching object such as a finger. The voltage
detector DET pretferably operates with a time period of Reset
in which the charging and discharging of the capacitor 1s
reset by switching in the circuit 1n synchronization with the
frequency of the AC rectangular wave Sg so as to accurately
detect the absolute value IAV| of a difference 1n voltage
between the wavetform V, and the waveform V.

The touch detection device 30 illustrated i FIG. 1 per-
forms touch detection by sequentially scanning each one
detection block 1n accordance with a drive signal Vcom (the
drive signal VcomAC, which 1s described later) supplied
from the drive electrode driver 14.

The touch detection device 30 outputs the touch detection
signal Vdet from a plurality of touch detection electrodes
TDL to be described later for each detection block through
the voltage detector DET illustrated in FIG. 3 or 5, and
thereby supplying the touch detection signal Vdet to the A/D
converter 43 of the touch detection unit 40.

The A/D converter 43 1s a circuit that samples respective
analog signals output from the touch detection signal ampli-
fier 42 and converts the analog signals 1into digital signals 1n
synchronization with the drive signal VcomAC.

The signal processor 44 includes a digital filter that
reduces a frequency component (noise component), which
excludes the sampling frequency of the drive signal Vco-
mAC, included 1n the output signals from the A/D converter
43. The signal processor 44 1s a logic circuit that detects the
existence of a touch on the touch detection device 30 based
on the output signals from the A/D converter 43. The signal
processor 44 only extracts the voltage difference caused by
a finger. The voltage diflerence caused by a finger 1s the
absolute value |AV| of the voltage difference between the
wavelorm V, and the wavetform V. The signal processor 44
may perform an arithmetic operation to average the absolute
values |AV| per detection block and obtain the average of the
absolute values |IAVI. As a result, the signal processor 44 can
reduce the influence due to noise. The signal processor 44
compares the detected voltage difference caused by a finger
with a predetermined threshold voltage and determines that
it 1s 1n the contact state with an externally approaching
object when the voltage difference 1s equal to or larger than
the threshold voltage. The signal processor 44 determines
that 1t 1s 1n the non-contact state with an external approach-
ing object when the voltage difference 1s smaller than the
threshold voltage. In this way, the touch detection unit 40
can perform the touch detection.

The coordinate extraction unit 45 1s a logic circuit that
obtains touch panel coordinates of the touch when the touch
1s detected by the signal processor 44. The detection timing
controller 46 controls the A/D converter 43, the signal
processor 44, and the coordinate extraction unit 435 to be
operated 1n synchronization with each other. The coordinate
extraction unit 45 outputs the touch panel coordinates as a
signal output Vout.

Module

FIG. 7 1s a schematic diagram illustrating an example of
a module on which the display device with a touch detection
function according to the first embodiment 1s mounted. As
illustrated 1n FIG. 7, the display device with a touch detec-
tion function 1 includes a pixel substrate 2 (a thin film
transistor (ITFT) substrate 21), which 1s described later, and




US 10,606,428 B2

9

a flexible printed circuit substrate T. The pixel substrate 2
(TE'T substrate 21) has a chip on glass (COG) 19 mounted
thereon and a display area Ad of the liquid crystal display
unit and frames Gd formed thereon. The COG 19 1s an
integrated circuit (IC) driver chip mounted on the TFT
substrate 21 and 1s a controller that includes the circuits
necessary for display operation, such as the control unit 11
and the source driver 13 illustrated in FIG. 1. In the
embodiment, the source driver 13 and the source selector
13S are formed on the TFT substrate 21. The source driver
13 and the source selector 13S may be built into the COG 19.
Drive electrode scan units 14A and 14B, which are included
in the drnive electrode driver 14, are formed on the TFT
substrate 21. The gate driver 12 1s formed on the TFT
substrate 21 as gate drivers 12A and 12B. The display device
with a touch detection function 1 may build the circuits such
as the drnive electrode scan units 14A and 14B and the gate
driver 12 ito the COG 19.

As 1llustrated 1n FIG. 7, drive electrode blocks B com-
posed of the drive electrode COML and the touch detection
clectrodes TDL are formed such that they intersect with each
other 1n a grade separation manner in a direction perpen-
dicular to the surface of the TFT substrate 21.

The drnive electrodes COML 1s a plurality of stripe elec-
trode patterns extending in one direction. In the touch
detection operation, the drive signal VcomAC 1s sequen-
tially applied to the respective electrode patterns by the drive
clectrode driver 14. The drive electrode block B 1llustrated
in FIG. 7 1s the plurality of stripe electrode patterns of the
drive electrodes COML, to which patterns the drive signal
VcomAC 1s supplied in parallel. The drive electrode blocks
B (dnive electrodes COML) are formed in the long side
direction of the display unit with a touch detection function
10, whereas the touch detection electrodes TDL, which are
described later, are formed 1n the short side direction of the
display unit with a touch detection function 10. The output
ends of the touch detection electrodes TDL are coupled to
the touch detection unit 40, which 1s mounted on the tlexible
printed circuit substrate T and provided on the short side of
the display unit with a touch detection function 10, through
the flexible printed circuit substrate T. In this way, the touch
detection unit 40 1s mounted on the flexible printed circuit
substrate T and coupled to the respective touch detection
clectrodes TDL arranged in parallel with each other. The
flexible printed circuit substrate T 1s only required to func-
tion as a terminal and thus 1s not limited to the flexible
printed circuit substrate. When such a terminal 1s used, the
touch detection unit 40 1s provided outside the module.

A drive signal generator, which 1s described later, 1s built
into the COG 19. The source selector 13S 1s formed using
TFT elements 1n the vicinity of the display area Ad on the
TFT substrate 21. In the display area Ad, a large number of
pixels Pix, which are described later, are arranged in a matrix
(in rows and columns). The frames Gd are areas 1n which no
pixels Pix are arranged when viewed from the direction
perpendicular to the surface of the TFT substrate 21. The
gate driver 12 and drive electrode scan units 14A and 14B
included 1n the drive driver 14 are arranged 1n the frames Gd.

The gate driver 12, which includes the gate drivers 12A
and 12B, 1s formed on the TFT substrate 21 using TFT
clements. The gate drnivers 12A and 12B can drive the
sub-pixels SPix (pixels), which are described later, arranged
in a matrix in the display area Ad from both sides of the
display area Ad interposed therebetween. In the following
description, the gate driver 12A 1s referred to as a first gate
driver 12A while the gate driver 12B 1s referred to as a
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described later, are arranged between the first gate driver
12A and the second gate driver 12B. Thus, the scan lines
GCL are provided, in the direction perpendicular to the
surface of the TFT substrate 21 (on-above the TFT substrate
21), such that they extend 1n a direction 1n parallel with the
extending direction of the drive electrode COML.

The drive electrode scan units 14A and 14B are formed on
the TET substrate 21 using TFT elements. The drive elec-
trode scan units 14A and 14B each receive the display drive
voltage VcomDC through display wiring LDC and the drive
signal VcomAC through touch wiring LAC from the dnive

signal generator. The drive electrode scan units 14A and 14B
cach occupy a predetermined width Gdv in the frame Gd.
The drive electrode scan units 14A and 14B can drive the
respective drive electrode blocks B arranged 1n parallel with
cach other from both sides of the respective drive electrode
blocks B. The display wiring LDC supplying the display
drive voltage VcomDC and the touch wiring LAC supplying
the touch drive signal VcomAC are arranged 1n parallel with
cach other 1 each frame Gd. The display wiring LDC 1s
disposed on a side closer to the display areca Ad than the
touch wiring LAC. This arrangement causes the display
drive voltage VcomDC supplied by the display wiring LDC
to stabilize a potential condition at the end portion of the
display area Ad. As a result, 1n particular, a liquid crystal
display device using a liquid crystal of a lateral electric field
mode performs a stable display.

The display device with a touch detection function 1
illustrated 1n FI1G. 7 outputs the touch detection signal Vdet
from a side adjacent to the short side of the display unit with
a touch detection function 10. As a result, the display device
with a touch detection function 1 makes 1t possible to readily
route the wiring when the display unmit with a touch detection
function 10 1s coupled to the touch detection unit 40 through
the tlexible printed circuit substrate T serving as the terminal
unit.

Display Device With a Touch Detection Function

The following describes a configuration example of the
display unit with a touch detection function 10 in detail. FIG.
8 15 a cross-sectional diagram 1llustrating a schematic cross-
sectional structure of the display unit with a touch detection
function according to the first embodiment. FIG. 9 1s a
schematic diagram 1llustrating an example of the controller
of the display device with a touch detection function accord-
ing to the first embodiment. FIG. 10 1s a circuit diagram
illustrating a pixel arrangement of the display unit with a
touch detection function according to the first embodiment.

As 1llustrated in FIG. 8, the display unit with a touch
detection function 10 includes the pixel substrate 2, a
counter substrate 3 disposed to face the pixel substrate 2 1n
the direction perpendicular to the surface of the pixel
substrate 2, and a liquid crystal layer 6 interposed between
the pixel substrate 2 and the counter substrate 3.

The liguid crystal layer 6 modulates light passing through
the liguid crystal layer 6 in accordance with the state of an
clectric field. A liqud crystal of a lateral electric field mode
such as a fringe field switching (FFS) or an in-plane switch-
ing (IPS) mode 1s used for the liquid crystal display device,
for example. Alignment {ilms may be disposed between the
liquid crystal layer 6 and the pixel substrate 2 and between
the liquid crystal layer 6 and the counter substrate 3 1n FIG.
8.

The counter substrate 3 includes a glass substrate 31 and
a color filter 32 formed on the one surface of the glass
substrate 31. On the other surface of the glass substrate 31,
the touch detection electrodes TDL serving as the detection
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clectrodes of the touch detection device 30 are formed. In
addition, a polanizing plate 35 1s disposed on the touch
detection electrodes TDL.

The pixel substrate 2 includes the TFT substrate 21 as a
circuit substrate, a plurality of pixel electrodes 22 arranged
in a matrix on the TFT substrate 21, the a plurality of drive
clectrodes COML formed between the TF'T substrate 21 and
the pixel electrodes 22, and an insulation layer 24 that
isolates the pixel electrodes 22 and the drive electrodes
COML.

System Configuration Example of Display Apparatus

The pixel substrate 2 includes the display area Ad, the
COG 19 having tunctions of an interface (I/F) and a timing
generator, the first gate driver 12A, the second gate driver
12B, and the source driver 13 on the TFT substrate 21. The
flexible printed circuit substrate T 1illustrated 1n FIG. 7
transmits external signals or drive power driving the COG
19 to the COG 19 illustrated 1n FIGS. 7 and 9. The pixel
substrate 2 includes, at the surface of the TFT substrate 21
ol a transparent 1nsulation substrate (e.g., a glass substrate),
the display areca Ad in which a large number of pixels
including liquid crystal cells are arranged 1n a matrix (rows
and columns), the source driver (horizontal drive circuit) 13,
and the gate drivers (vertical drive circuits) 12A and 12B.
The gate drivers (vertical drive circuits) 12A and 12B are
arranged as the first gate driver 12A and the second gate
driver 12B with the display area Ad interposed therebe-
tween.

The display area Ad has a matrix (row-column) structure
in which the sub-pixels SPix including liquid crystal layers
are arranged 1n m rowsxn columns. In this specification, the
term row means the pixel row having m sub-pixels SPix
arranged 1n one direction. The term column means the pixel
column including n sub-pixels SPix arranged 1n a direction
perpendicular to the extending direction of the pixel row.
The values of m and n are determined 1n accordance with a
display resolution 1n the vertical direction and the display
resolution 1n the horizontal direction. In the display area Ad,
scan lines GCL__,, GCL__,, GCL, .., and so on are wired
for the respective rows and signal lines SGL, _,, SGL__,,
SGL, . 5, SGL, ., SGL, .., and so on are wired for the
respective columns in the m-row, n-column matrix of the
pixels Vpix. In the embodiment, the scan lines GCL,_ _ .,

GCL, .., GCL__ ., and so on may be collectively described

as the scan line GCL while the signal lines SGL, _,, SGL, _ .
SGL, 5, SGL, .., SGL__., and so on may be collectively
described as the signal line SGL.

The pixel substrate 2 receives externally a master clock,
a horizontal synchronizing signal, and a vertical synchro-
nizing signal as external signals and they are applied to the
COG 19. The COG 19 converts the amplitudes of the master
clock, the horizontal synchronizing signal, and the vertical
synchronizing signal that have the voltage amplitude of an
external power source into the voltage amplitude of an
internal power source necessary to drive the liquid crystal
(performs level conversion or voltage boosting). Thereatter,
the COG 19 inputs them to a timing generator as the master
clock, the honizontal synchronizing signal, and the vertical
synchronizing signal to generate a vertical start pulse VST,
a vertical clock pulse VCK, a horizontal start pulse HST, and
a horizontal clock pulse HCK. The COG 19 applies the
vertical start pulse VST and the vertical clock pulse VCK to
the first gate drniver 12A and the second gate driver 12B,
while applying the horizontal start pulse HST and the
horizontal clock pulse HCK to the source driver 13. The
COG 19 generates a display drive voltage (counter electrode

potential) VCOM and applies 1t to the drive electrode

10

15

20

25

30

35

40

45

50

55

60

65

12

COML. The display drive voltage VCOM 1s applied, 1n
common, for the pixel electrodes of the respective sub-
pixels SPix and 1s called common potential.

The first gate dniver 12A and the second gate drniver 12B
include shift registers, which are described later, and may
turther include latch circuits. When the first gate driver 12A
and the second gate driver 12B receive the vertical start
pulse VST, the respective latch circuits sequentially sample
and latch display data output from the COG 19 1n one
horizontal period in synchronization with the vertical clock
pulse VCK. The first gate driver 12A and the second gate
driver 12B sequentially output the digital data of one line
latched by the latch circuit as a vertical scan pulse and apply
the data to the scan line GCL, thereby sequentially selecting
the sub-pixels SPix row by row. The first gate driver 12A and
the second gate driver 12B are arranged with the scan line
GCL interposed therebetween 1n the extending direction of
the scan line GCL. The first gate driver 12A and the second
gate driver 12B sequentially output the vertical scan pulse
from the upper side of the display area Ad, that 1s the upper
side 1n the vertical scan direction to the lower side of the
display area Ad, that 1s the lower side in the vertical scan
direction.

The digital image signal Vsig of 6-bit R (red) G (green)
B (blue) 1s applied to the source driver 13, for example. The
source driver 13 writes the display data into the respective
sub-pixels SPix selected by the vertical scan of the first gate
driver 12A and the second gate driver 12B for each pixel,

pixels by pixels, or all pixels at once through the signal line
SGL.

On the TFT substrate 21, formed are TFT elements Tr of
the respective sub-pixels SPix illustrated in FIGS. 9 and 10,
and the wiring such as the pixel signal line SGL supplying
the pixel signal Vpix to the respective pixel electrodes 22
illustrated 1n FIG. 8, and the scan line GCL dniving the
respective TFT elements Tr. The pixel signal line SGL
extends on the plane 1n parallel with the surface of the TFT
substrate 21 and supplies the pixel signal Vpix to the pixels
to display images. The liquid crystal display umt 20 1llus-
trated 1n FIG. 10 includes the plurality of sub-pixels SPix

arranged 1n a matrix. Each sub-pixel SPix includes the TFT
clement Tr and a liquid crystal element LC. The TFT
clement Tr 1s a thin film transistor. In this example, the TFT

clement Ir 1s an n-channel metal oxide semiconductor
(MOS) type TFT. The source of the TFT element Tr 1s
coupled to the pixel signal line SGL, the gate thereof is
coupled to the scan line GCL, and the drain thereof 1is
coupled to one end of the liquid crystal element LC. The one
end of the liqud crystal element LC 1s coupled to the drain
of the TFT element Tr and the other end thereof 1s coupled
to the drive electrode COML

The first gate driver 12A and the second gate driver 12B
illustrated 1n FIG. 9 apply the vertical scan pulse to the gates
of the TFT elements Tr of the respective sub-pixels SPix
through the scan line GCL 1illustrated 1in FIG. 10 and thus
sequentially select one row (one horizontal line) of the
sub-pixels SPix arranged in a matrix in the display area Ad
as the target of the display drive. The source driver 13
supplies, through the pixel signal line SGL, pixel signal
Vpix to the respective sub-pixels SPix included in the
horizontal line sequentially selected by the first gate driver
12A and the second gate driver 12B. The sub-pixels SPix
serving as the display targets perform a display of one
horizontal line 1 accordance with the supplied pixel signal.
The drive electrode driver 14 drives the drive electrode
COML by applying the display drive signal (display drive
voltage VcomDC) thereto.
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As described above, the display device with a touch
detection function 1 drives the first gate driver 12A and the
second gate driver 12B so as to sequentially scan the scan
lines GCL,__ ,, GCL__,, GCL__., and so on, thereby
sequentially selecting one horizontal line. In the display
device with a touch detection function 1, the source driver
13 supplies the pixel signal to the respective pixels Vpix
included 1n one horizontal line, thereby causing a display to
be performed in units of one horizontal line. In the display
operation, the drive electrode driver 14 applies the drive
signal Vcom to the drive electrode COML corresponding to
the horizontal line.

The color filter 32 illustrated 1n FIG. 8 1s composed of
color filters that are colored 1n the respective three colors of
red (R), green (G), and blue (B) and periodically arranged,
for example. A set of color areas 32R, 32G, and 32B of the
three colors of RGB (refer to FIG. 10) provided to the
respective sub-pixels SPix corresponds to the pixel Pix. The
color filter 32 faces the liquid crystal layer 6 in the direction
perpendicular to the TF'T substrate 21. The combination of
colors 1n the color filter 32 may differ from this example as
long as different colors are combined.

The sub-pixels SPix illustrated 1n FIG. 10 are coupled to
cach other in the same row of the liqud crystal display unit
20 through the scan line GCL. The scan line GCL 1s coupled
to the gate driver 12, which supplies the scan signal Vscan
to the scan line GCL. The sub-pixels SPix are coupled to
cach other 1n the same column of the liquid crystal display
unit 20 through the pixel signal line SGL. The pixel signal
line SGL 1s coupled to the source driver 13, which supplies
the pixel signal Vpix to the pixel signal line SGL.

FIG. 11 1s a schematic diagram to explain a relation
between the source driver and the pixel signal line in the
module on which the display device with a touch detection
function according to the first embodiment 1s mounted. As
illustrated 1 FIG. 11, 1n the display device with a touch
detection function 1, the pixel signal line SGL 1s coupled to
the source driver 13 included 1in the COG 19 through the
source selector 13S. The source selector 13S performs
open-close operation 1n accordance with the switch control
signal Vsel.

As 1llustrated 1in FIG. 11, the source driver 13 generates
the pixel signal Vpix based on the image signal Vsig and the
source driver control signal supplied from the control unit 11
and outputs the pixel signal Vpix. The source driver 13
generates the image signal 1n which the pixel signal Vpix for
the sub-pixels SPix (in this case, three sub-pixels SPix) of
the liqguid crystal display unit 20 of the display unit with a
touch detection function 10 are time-division multiplexed
from the image signal Vsig for one horizontal line, and
supplies the generated image signal to the source selector
13S. The source driver 13 also generates the switch control
signal Vsel (VselR, VselG, and VselB) necessary to separate
the pixel signal Vpix multiplexed in the image signal Vsig
and supplies the switch control signal Vsel to the source
selector 13S together with the image signal Vsig. The
multiplexing reduces the number of wiring between the
source driver 13 and the source selector 13S.

The source selector 13S separates, from the image signal
Vsig, the pixel signal Vpix time-division multiplexed 1in the
image signal Vsig based on the image signal Vsig and the
switch control signal Vsel supplied from the source drniver
13, and supplies the separated pixel signal Vpix to the liquid
crystal display unit 20 of the display unit with a touch
detection function 10.

The source selector 13S includes three switches SWR,
SWG, and SWB, for example. The respective one ends of
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the switches SWR, SWG, and SWB are coupled to each
other, through which the 1image signal Vsig 1s supplied from
the source driver 13. The respective other ends of the
switches SWR, SWG, and SWB are coupled to the respec-
tive corresponding sub-pixels SPix through the pixel signal
line SGL of the liquid crystal display umt 20 of the display
unit with a touch detection function 10. The switches SWR,
SWG, and SWB are controlled to be opened or closed by the
switch control signal Vsel (VselR, VselG, and VselB,
respectively) supplied from the source driver 13. This con-
figuration enables the source selector 13S to sequentially
turn on the switches SWR, SWG, and SWB 1n a time-
division multiplexing manner in accordance with the switch
control signal Vsel. As a result, the source selector 135
separates, from the multiplexed 1mage signal Vsig, the pixel
signal Vpix (VpixR, Vpix(G, and VpixB). The source selec-
tor 13S then supplies the pixel signal Vpix to the respective
three sub-pixels SPix. The color areas 32R, 32G, and 32B
colored 1n red (R), green (G), and blue (B) correspond to the
respective sub-pixels SPix. The pixel signal VpixR 1s sup-
plied to the sub-pixel SPix corresponding to the color area
32R. The pixel signal VpixG 1s supplied to the sub-pixel
SP1x corresponding to the color area 32G. The pixel signal
VpixB 1s supplied to the sub-pixel SPix corresponding to the
color area 32B.

The sub-pixels SPix are coupled to each other 1n the same
row of the liquid crystal display unit 20 through the drive
clectrode COML. The dnive electrode COML 1s coupled to
the drive electrode dniver 14, which supplies the display
drive voltage VcomDC to the drive electrode COML. In the
embodiment, the multiple sub-pixels SPix included 1n the
same row have the common drive electrode COML.

The gate driver 12 1illustrated 1n FIG. 1 applies the scan
signal Vscan to the gates of the TFT elements Tr of the
respective sub-pixels SPix through the scan line GCL 1illus-
trated 1n FIG. 10, and thus sequentially selects one row (one
horizontal line) of the sub-pixels SPix arranged 1n a matrix
in the liquid crystal display unit 20 as the target of the
display drive. The source driver 13 illustrated in FIG. 1
supplies the pixel signal Vpix to the respective sub-pixels
SP1x included in the horizontal line sequentially selected by
the gate driver 12 through the pixel signal line SGL 1llus-
trated 1n FI1G. 10. The sub-pixels SPix serving as the display
drive targets perform a display of one horizontal line 1n
accordance with the supplied pixel signal Vpix. The drive
clectrode driver 14 illustrated 1n FIG. 1 drives the drive
clectrode COM with the drive signal Vcom applied thereto
for each drive electrode block B, which i1s illustrated in
FIGS. 7 and 9, composed of a certain number of drive
clectrodes COML.

As described above, one horizontal line of the liquid
crystal display unit 20 1s sequentially selected in such a
manner that the gate driver 12 sequentially scans the scan
line GCL 1n a time-division multiplexing manner. The liquid
crystal display unit 20 performs display in units of one
display horizontal line in such a manner that the source
driver 13 supplies the pixel signal Vpix to the respective
sub-pixels SPix included in one horizontal line. In the
display operation, the drive electrode driver 14 applies the
display drive voltage VcomDC to the drive electrode block
including the drive electrode COML corresponding to the
horizontal line.

The dnive electrodes COML according to the embodiment
function as the drive electrodes of the liquid crystal display
unit 20 and also function as the drive electrodes of the touch
detection device 30. FIG. 12 1s a perspective view 1illustrat-
ing an example of the configuration of the drive electrodes
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and the touch detection electrodes of the display umt with a
touch detection function according to the first embodiment.
The drive electrodes COML 1llustrated 1n FIG. 12 face the
pixel electrodes 22 in the direction perpendicular to the
surtace of the TF'T substrate 21 as illustrated 1in FIG. 8. The
touch detection device 30 1s composed of the drive elec-
trodes COML provided on the pixel substrate 2 and the
touch detection electrodes TDL provided on the counter
substrate 3. The touch detection electrodes TDL are formed
in a stripe electrode pattern extending 1n a direction inter-
secting with the extending direction of the electrode patterns
of the dnive electrodes COML. The touch detection elec-
trodes TDL face the drive electrodes COML 1n the direction
perpendicular to the surface of the TFT substrate 21. The
clectrode patterns of the touch detection electrodes TDL are
coupled to the respective corresponding inputs of the touch
detection signal amplifier 42 of the touch detection unit 40.
Electrostatic capacitances are generated between the drive
clectrodes COML and the touch detection electrodes TDL
intersecting with each other at respective intersecting por-
tions of the electrode patterns of the drive electrodes COML
and the touch detection electrodes TDL. The shape of the
touch detection electrodes TDL or the drive electrode
COML (dnive electrode block) 1s not limited to the stripe
shape. The touch detection electrodes TDL or the drive
electrodes COML (drive electrode blocks) may be formed 1n
a comb-tooth shape. The touch detection electrodes TDL or
the drive electrodes COML (drive electrode blocks) need to
be separated from each other. The shape of the slits sepa-
rating the drive electrodes COML may be a straight line or
a curve.

In the touch detection device 30 thus configured, the drive
clectrode driver 14 drives the drive electrode blocks B
illustrated 1 FIG. 7 such that they are line sequentially
scanned 1 a time-division multiplexing manner when the
touch detection operation 1s performed. As a result, each
drive electrode block B (one detection block) composed of
the drive electrodes COML 1s sequentially selected 1n a scan
direction Scan. The touch detection device 30 outputs the
touch detection signal Vdet from the touch detection elec-
trodes TDL. In this way, the touch detection device 30
performs the touch detection on one detection block.

FIGS. 13 to 15 are schematic diagrams 1illustrating an
operation example of the touch detection in the display
device with a touch detection function according to the first
embodiment. FIG. 16 1s a schematic diagram to explam the
display operation and the touch detection operation 1n the
display device with a touch detection function according to
the first embodiment. In this case, the drive electrode blocks
B composed of the dnive electrodes COML 1illustrated 1n
FIG. 7 are 20 drive electrode blocks of B1 to B20. FIGS. 13
to 15 1llustrate operations to apply the touch drive signal
VcomAC to the respective drive electrode blocks B1 to B20.
A drive signal applied block BAC indicates the drive elec-
trode block B to which the touch drive signal VcomAC 1s
applied. No voltages are applied to the other drive electrode
blocks B. The other drive electrode blocks B thus are 1n a
state where potential 1s not fixed, called a floating state. The
touch drive signal VcomAC 1s applied to the drive signal
applied block BAC and the display drive voltage VcomDC
may be applied to the other drive electrode blocks B and thus

the potential of the other drnive electrode blocks B may be
fixed. The drive electrode driver 14 illustrated in FIG. 1

selects the drnive electrode block B3 out of the drive elec-
trode blocks B, which are the targets of the touch detection
operation, 1llustrated 1n FIG. 13 and applies the touch drive

signal VcomAC to the drive electrode block B3. The drive
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clectrode driver 14 then selects the drive electrode block B4
out of the drnive electrode blocks B illustrated in FIG. 14 and
applies the touch drive signal VcomAC to the drive elec-
trode block B4. The drive electrode driver 14 then selects the
drive electrode block BS out of the drive electrode blocks B
illustrated 1n FIG. 15 and applies the touch drive signal
VcomAC to the drive electrode block BS. In this way, the
drive eclectrode driver 14 sequentially selects the drive
clectrode block B and applies the touch drive signal Vco-
mAC to the selected drnive electrode block B until all of the
drive electrode blocks B are scanned. The number of drive
clectrode blocks B 1s not limited to 20.

In the touch detection device 30, the drive electrode block
B illustrated in FIGS. 13 to 15 corresponds to the drive
clectrode E1 1n the basic principle of electrostatic capaci-
tance type touch detection described above. In the touch
detection device 30, the touch detection electrode TDL (one
clectrode pattern) corresponds to the touch detection elec-
trode E2. The touch detection device 30 detects a touch n
accordance with the basic principle described above. As
illustrated 1n FI1G. 12, the electrode patterns intersecting with
cach other 1n a grade separation manner form electrostatic
capacitive touch sensors 1mn a matrix. The touch detection
device 30 thus can also detect the position where the contact
or approach of an externally approaching object occurs by
scanning the entire touch detection surface of the touch
detection device 30.

As 1illustrated 1n FIG. 16, the display umit with a touch
detection function 10 performs a display scan Scand 1n such
a manner that the gate driver 12 line sequentially scans the
scan line GCL 1n a time-division multiplexing manner. As
illustrated 1n FIG. 16, the display unit with a touch detection
function 10 performs a touch detection scan Scant 1n which
one time scan 1s completed 1 a time W1 1n such a manner
that the dnive electrode driver 14 sequentially selects and
drives the drive electrode block B. As illustrated in FIG. 16,
the scan speed of the touch detection scan Scant 1s double
{
C
C

hat of the display scan Scand. The scan speed of the touch
letection set faster than that of the display enables the
lisplay device with a touch detection function 1 to quickly
respond to the touch of an externally approaching object
approaching externally. As a result, a response performance
of the touch detection can be improved. The relation
between the touch detection scan Scant and the display scan
Scand 1s not limited to that 1llustrated in FIG. 16. The scan
speed of the touch detection scan Scant may be more than or
less than double that of the display scan Scand, for example.

Drive Signal Generator and Drive Electrode Driver

FIG. 17 1s a block diagram illustrating a drive signal
generator of the drive electrode driver according to the first
embodiment. A drive signal generator 14Q) includes a high
level voltage generator 61, a low level voltage generator 62,
buflers 63, 64, and 66, and a switching circuit 65.

The high level voltage generator 61 generates a high level
voltage of the touch dnive signal VcomAC. The low level
voltage generator 62 generates a direct-current voltage of the
display drive voltage VcomDC. The voltage generated by
the low level voltage generator 62 1s also used as a low level
voltage of the touch drive signal VcomAC. The builer 63
outputs the voltage supplied from the high level voltage
generator 61 while performing impedance conversion and
supplies the resulting output to the switching circuit 63. The
bufler 64 outputs the voltage supplied from the low level
voltage generator 62 while performing impedance conver-
s1on and supplies the resulting output to the switching circuit
65. Based on a drive control signal EXVCOM, the switching
circuit 65 alternately repeats a state with the drive control
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signal EXVCOM 1n a high level state and another state with
the drive control signal EXVCOM 1n a low level state to
generate the touch drnive signal VcomAC. When the drive
control signal EXVCOM 1s at the high level, the switching
circuit 65 outputs the voltage supplied from the bufler 63,
while when the drive control signal EXVCOM 1s at the low
level, the switching circuit 65 outputs the voltage supplied
from the bufler 64. When the drive control signal EXVCOM
1s at the low level, the switching circuit 65 outputs the
voltage supplied from the bufler 64 as the display drive
voltage VcomDC of the direct-current voltage based on the
drive control signal EXVCOM. The buflers 63 and 64 are
voltage followers, for example. The voltage output from the
switching circuit 65 1s output to an output terminal 65E. The
bufler 66 outputs the voltage supplied from the low level
Voltage generator 62 while performing impedance conver-
sion and supplies the display drive voltage VcomDC of the
direct-current voltage to an output terminal 66E.

FIG. 18 1s a block diagram 1llustrating the drwe clectrode
driver according to the first embodiment. The drive electrode
scan units 14A and 14B each include a scan controller 51, a
touch detection scan unit 52, and a drive unit 530. The drive
unit 330 includes drive sections 33 (k) to 33 (k+3). The
number of drive sections 1s the same as the number of drive
clectrode blocks B. The scan controller 51 1s mounted on the
COG 19. The touch detection scan unit 52 and the drive unit
530 are arranged 1n the frame located at the periphery of the
display area Ad. Hereinafter, any one of the drive sections 53
(k) to 53 (k+3) 1s described as the drive section 53.

The scan controller 51 supplies a control signal SDCK
and a scan start signal SDST to the touch detection scan unit
52 based on the control signal supplied from the control unit
11. The display drive voltage VcomDC output from the
drive signal generator 14Q through the output terminal 66EF
1s supplied to the display wiring LDC. The touch drive signal
VcomAC output from the drive signal generator 14(Q)
through the output terminal 65E is supplied to the touch
wiring LAC. The scan controller 51 supplies a drive elec-
trode selecting signal VCOMSEL to the drive unit 330.

The touch detection scan unit 32 includes drive electrode
shift registers S2SR and generates scan signals ST (k), ST
(k+1), ST (k+2), ST (k+3), and so on. The scan signals ST
select the respective corresponding drive electrodes COML
to which the touch drive signal VcomAC 1s applied. Spe-
cifically, 1n the touch detection scan unit 52, the scan start
signal SDST supplied from the scan controller 51 triggers
the operation of the shift register 52SR. The control signal
SDCK 1s transferred to the respective shift registers S2SR at
respective transierring stages, and thereby, the respective
shift registers 52SR at respective transierring stages are

sequentially selected 1n synchronization with the control
signal SDCK. The selected shift registers 32SR send the

scan signals, ST (k), ST (k+1), ST (k+2), ST (k+3), and so
on, to the respective AND circuits 54 of the drive unit 530.
In the touch detection scan unit 52, when the selected shift
register 52SR supplies the high level signal to the (k+2)th
drive section 53 (k+2) as the (k+2)th scan signal ST (k+2),
for example, the drive section 33 (k+2) applies the drive
signal VcomAC to the dnive electrodes COML 1ncluded 1n
the (k+2)th drive electrode block B (k+2). Hereinatter, any
one ol the scan signals, ST (k), ST (k+1), ST (k+2), ST
(k+3), and so on may be referred to as the scan signal ST.

The drive unit 530 1s a circuit that applies the display
drive voltage VcomDC or the touch drive signal VcomAC
supplied from the drive signal generator 14Q) to the drive
clectrodes COML based on the scan signal ST supplied from
the touch detection scan umt 52 and the drive electrode
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selecting signal VCOMSEL supplied from the scan control-
ler 51. The drive sections 53 are provided one each for the
output signals of the touch detection scan unit 52 and supply
the drive signal Vcom to the respective corresponding drive
clectrode blocks B.

Each drive section 53 includes the AND circuit 54 and a
selection switch SW for the corresponding drive electrode
block B. The selection switches SW are illustrated as the
selection switches SW1, SW2, SW3, and SW4 in FIG. 18.
The AND circuit 34 generates and outputs the logical
product (AND) of the scan signal ST supplied from the
touch detection scan unit 52 and the drive electrode selecting
signal VCOMSEL supplied from the scan controller 51. The
AND circuit 54 has a buflering function to amplity the
amplitude to a level capable of controlling the operation of
the selection switch SW1. In the following description, the
selection switch SW1 1s explained as the representative
example of the selection switches SW1. The operation of the
selection switch SW1 1s controlled based on the signal
supplied from the AND circuit 54. The one end of the
selection switch SW1 1s coupled to the multiple dnive
clectrodes COML included 1n the drive electrode block B
while the other end of the selection switch SW1 1s coupled
to etther the display wiring LDC or the touch wiring LAC.

The drive section 53 thus configured outputs the touch
drive signal VcomAC as the drnive signal Vcom when the
scan signal ST 1s at the high level and the drive electrode
selecting signal VCOMSEL 1s at the high level. When the
scan signal ST 1s at the low level and the drive electrode
selecting signal VCOMSEL 1s at the low level, the dnive
section 53 disconnects the drive electrode block B from the
touch wmng LAC and couples drive electrode block B to the
display wiring LDC. The drive electrode block B selected as
the output destination of the touch drnive signal VcomAC 1s
a selected drnive electrode block STX. The drive electrode
block B that 1s not selected as the output destination of the

touch drive signal VcomAC 1s a not-selected drive electrode
block NTX. For example, in FIG. 18, the selected drive

clectrode block STX 1s the drive electrode block B (k+2)
when the drive section 33 (k+2) applies the drive signal
VcomAC to the plurality of drive electrodes COML
included 1n the (k+2)th dnive electrode block B (k+2). The
drive electrode blocks B (k), B (k+1), and B (k+3), which are
not selected as the output destinations of the drive signal
VcomAC, are the not-selected drive electrode blocks NTX.

When the liquid crystal display unit 20 1s 1n the display
operation, 1.€., the scan signal ST 1s at the low level, the
drive section 33 couples the selection switches SW1, SW2,
SW3, and SW4 for the respective corresponding drive
clectrode blocks B to the display wiring LDC and outputs
the display drive voltage VcomDC as the drive signal Vcom.

FIG. 19 1s a block diagram illustrating the drive unit of the
drive electrode driver according to the first embodiment.
FIG. 20 1s a block diagram illustrating an arrangement
example of the selection switches of the drive electrode
driver according to the first embodiment. In FIGS. 19 and
20, the configuration on the first gate driver 12A side 1s
described. The configuration on the second gate driver 12B
side 1s the same as that on the first gate driver 12A side. In
the following description, the selection switch SWI1 1s
explained as the representative example. The other selection
switches SW2, SW3, and SW4 have the same configuration
as the selection switch SW1. The first gate driver 12A (the
second gate driver 12B) includes gate shiit registers 120SR.
Each gate shiit register 120SR starts the operation 1n
response to the vertical start pulse VST, and then 1s sequen-
tially selected 1n the vertical scan direction 1n synchroniza-
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tion with the vertical clock VCK, and outputs a vertical
selection pulse to the scan line GCL through a bufler circuit.

The selection switch SW1 includes a plurality of switches
COMSW provided for each drnive electrode COML. All of
the switches COMSW operate for each dnive electrode
COML 1n response to switch control signals Ssw and Sxsw.
All of the switches COMSW operate for each drive electrode
COML and select either the connection between the touch
wiring LAC and the drnive electrode COML or the connec-
tion between the display wiring LDC and the drive electrode
COML 1n a time-division manner.

When one circuit unit composed of a CMOS switch
CMOS1 and a CMOS switch CMOS2 1s used as the switch
COMSW, multiple circuit units are provided for each drive
clectrode COML. The CMOS switches CMOS1 and
CMOS2 cach include a transistor NMOS having an N
channel gate and a transistor PMOS having a P channel gate.

In the CMOS switch CMOSI1, a switch signal line GSW
1s coupled to the gates of the transistor NMOS and the
transistor PMOS. In the CMOS switch CMOS2, a switch
signal line GxSW 1s coupled to the gates of the transistor
NMOS and the transistor PMOS. The switch control signal
Ssw 1s supplied to the switch signal line GSW and the switch
control signal Sxsw 1s supplied to the switch signal line
GxSW. High and low levels 1n potential of the switch control
signals Ssw and Sxsw are reversed to each other. The CMOS
switches CMOS1 and CMOS2 thus can select either the
connection between the touch wiring LAC and the drive
clectrode COML or the connection between the display
wiring LDC and the drive electrode COML 1n synchroni-
zation with each other as the same selection. As described
above, the selection switch SW1 includes the multiple
switches COMSW {for each drive electrode COML and the
switches COMSW are coupled 1n parallel with each other
between the touch wiring LAC and the drive electrode
COML. All of the switches COMSW operate 1n response to
the switch control signals Ssw and Sxsw serving as selection
signals for each drive electrode COML, couple the touch
wiring LAC and the drive electrode COML, and supply the
touch drive signal VcomAC to the drive electrode COML.

The AND circuit 54 includes an inverter 541, a switching,
circuit 542, a buffer 543, and an i1nverter 544. The inverter
541 inverts the output signal of the drive electrode shiit
register 525R at the selected transterring stage and outputs
the mverted signal to the AND circuit 342 when the scan
signal ST 1s at the high level. The AND circuit 5342 switches
the mput and output of the mverter 541 1n response to the
drive electrode selecting signal VCOMSEL and outputs the
switch control signal Ssw to the bufler 543. The buller 543
amplifies the switch control signal Ssw and supplies the
amplified switch control signal Ssw to the switch signal line
GSW. The inverter 544 1nverts the switch control signal Ssw
output from the buller 543 and outputs the inverted signal as
the switch control signal Sxsw to supply the signal to the
switch signal line GxSW.

The CMOS switches CMOS1 and CMOS2 are coupled to
the touch wiring LAC with a connecting conductor Q3. The
CMOS switches CMOS1 and CMOS2 are coupled to the
display wiring LDC with a connecting conductor Q2. The
CMOS switches CMOS1 and CMOS2 are coupled to the
drive electrode COML with a connecting conductor Q1. The
CMOS switches CMOS1 and CMOS2 can select either the
connection between the connecting conductors Q1 and (2
or the connection between the connecting conductors Q3
and Q1 by the switch control signals Ssw and Sxsw input to
the gates of the respective transistors NMOS and the respec-
tive transistors PMOS.
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As 1llustrated 1n FIG. 20, the scan line GCL 1s wired on
the same layer as the switch signal lines GSW and GxSW.
The scan lmme GCL 1s also coupled to the gate of the
transistor 1n a similar manner as the switch signal lines GSW
and GxSW. These lines are formed 1n the same process,
which can reduce the manufacturing process. The scan line
GCL intersects with the touch wiring LAC and the display
wiring LDC 1n a grade separation manner with an insulation
layer mterposed therebetween. The selection switch SW1 1s
disposed 1n an area between the scan lines GCL (e.g., the
scan lines GCL,,__ ; and GCL,__ ,) intersecting with the touch
wiring LAC (the display wiring LDC). The distance between
the scan lines GCL intersecting with the touch wiring LAC
(the display wiring LDC) 1s the same as that between the
adjacent scan lines GCL 1n the display area Ad.

The TFT substrate 21 corresponds to a specific example
of a “substrate” in the disclosure. The pixel electrode 22
corresponds to a specific example of a “pixel electrode” 1n
the disclosure. The pixel signal line SGL corresponds to a
specific example of a “signal line” in the disclosure. The
drive electrode COML corresponds to a specific example of
a “drive electrode” in the disclosure. The liquid crystal
clement LC corresponds to a specific example of a “display
function layer” in the disclosure. The gate driver 12, the
source driver 13, and the drive electrode driver 14 corre-
spond to specific examples of a “controller” 1n the disclo-
sure. The touch detection electrode TDL corresponds to a
“touch detection electrode” in the disclosure. The touch
wiring LAC corresponds to a specific example of “touch
wiring”” 1n the disclosure.

1-1B. Operation and Action

The following describes the operation and action of the
display device with a touch detection function 1 1n the first
embodiment. In the following description, the drive signal
Vcom serving as the drive signal for display 1s described as
the display drive voltage VcomDC while the drive signal
Vcom serving as the drive signal for touch detection 1s
described as the touch drive signal VcomAC.

Operation of the Display Device With a Touch Detection
Function

The following describes the operation of the display
device with a touch detection function 1. FIG. 21 1s an
explanatory diagram 1llustrating an example of timing waves
of the display device with a touch detection tunction. FIG.
22 1s an explanatory diagram illustrating an operation
example of touch detection scan.

In FIG. 21, (A) illustrates a wavetform of the touch drnive
signal VcomAC. In FIG. 21, (B) illustrates a waveform of
the display drive signal VcomDC. In FIG. 21, (C) illustrates
a wavelorm of the scan signal Vscan. In FIG. 21, (D)
illustrates a waveform of the pixel signal Vpix. In FIG. 21,
(E) illustrates a wavetorm of the switch control signal Vsel.
In FIG. 21, (F) illustrates a waveform of the pixel signal
Vpix. In FIG. 21, (G) illustrates a waveiform of the drive
clectrode selecting signal VCOMSEL. In FIG. 21, (H)
illustrates a waveform of the display drive signal Vcom. In
FIG. 21, (I) 1llustrates a waveform of the touch detection
signal Vdet.

In the display device with a touch detection function 1, the
touch detection operation and the display operation are
performed 1n each horizontal period (1H). In the display
operation, the gate drniver 12 sequentially applies the scan
signal Vscan to the scan line GCL. In the touch detection
operation, the drive electrode driver 14 performs the touch
detection scan by sequentially applying the touch drive
signal VcomAC to each drive electrode block B and the
touch detection unmit 40 detects the touch based on the touch
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detection signal Vdet output from the touch detection elec-
trodes TDL. The details are described below.

At timing t0, one horizontal period (1H) starts. At timing
t1, the scan controller 51 of the drive electrode driver 14
changes the voltage of the drnive electrode selecting signal
VCOMSEL from the low level to the high level ((G) in FIG.
21). As aresult, 1n the drive electrode driver 14, the selection
switch SW2 1n the (k+1)th drive section 33 (k+1) used for
touch detection operation selects the connection between the
connecting conductors Q1 and Q2. As a result of the
selection, the touch drive signal VcomAC ((A) i FIG. 21)
generated by the drive signal generator 14Q) 1s applied to the
drive electrodes COML included in the (k+1)th drive elec-
trode block B (k+1) corresponding to the drive section 53
(k+1) as the drive signal VcomAC (B (k+1)) through the
selection switch SW2. In the drive sections 53 excluding the
drive section 33 (k+1) having the selection switch SW2, the
selection switches SW1, SW3, and SW4 each select the
connection between the connecting conductors Q3 and Q1.
As a result, the drive electrodes COML excluding the drive
clectrodes COML 1included 1n the drive electrode block B
(k+1) have the same potential as the display wiring LDC
((H) m FIG. 21).

At timing 12, the drive signal generator 14Q) changes the
voltage of the touch drive signal VcomAC from the low
level to the high level ((A) in FIG. 21). Specifically, the drive
unit 330 changes the voltage of the touch drive signal
VcomAC from the low level to the high level by the output
of the switching circuit 63 supplied from the output terminal
65E 1n the drive signal generator 14Q). With this change, an
AC rectangular wave changing from the low level to the
high level 1s applied to the (k+1)th drive electrode block B
(k+1) as the dnive signal VcomAC (B (k+1)) ((H) i FIG.
21). The dnive signal Vcom (B (k+1)) propagates to the
touch detection electrodes TDL through electrostatic capaci-
tances and causes the touch detection signal Vdet to change
((I) in FIG. 21). The AC rectangular wave may be a single
rectangular wave.

At sampling timing ts, the A/D converter 43 of the touch
detection unit 40 A/D-converts the output signal of the touch
detection signal amplifier 42 to which the touch detection
signal Vdet 1s input ((I) in FIG. 21). The touch detection
signal amplifier 42 of the touch detection unit 40 performs
the touch detection based on the A/D conversion results
collected 1n a plurality of horizontal periods.

At timing t3, the drive unit 530 changes the voltage of the
touch drive signal VcomAC to the drive signal Vcom for
display (the display drnive voltage VcomDC) ((A) n FIG.
21). Specifically, the drive unit 5330 outputs the output of the
bufler 66 from the output terminal 66E 1n the drive signal
generator 14Q) to change the voltage of the touch drive signal
VcomAC to the display drive voltage VcomDC. With this
change, the drive signal Vcom (B (k+1)) applied to the
(k+1)th drive electrode block B (k+1) 1s changed from the
high level to the low level ((H) in FIG. 21) and the touch
detection signal Vdet 1s changed ((I) in FIG. 21).

03475At timing t4, the scan controller 31 of the drive
clectrode driver 14 changes the voltage of the dnive elec-
trode selecting signal VCOMSEL from the high level to the
low level ((G) in FIG. 21). As a result, all of the selection
switches SW1 to SW4 select the connection between the
connecting conductors Q2 and Q1. The display drive voltage
VeomDC ((B) mn FIG. 21) generated by the drive signal
generator 14Q 1s applied to the drnive electrodes COML

included in the respective corresponding drive electrode
blocks B through all of the selection switches SW1 to SW4

((H) in FIG. 21).
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At timing t5, the gate driver 12 applies the scan signal
Vscan to the m-th scan line GCL (m) used for the display
operation and the voltage of the scan line GCL (m) 1is
changed from the low level to the high level ((¢) 1n FIG. 21).
The source driver 13 and the source selector 13S apply the
pixel signal Vpix to the pixel signal line SGL ((F) 1n FIG.
21) such that the pixels Pix included 1n one horizontal line
relating to the m-th scan line GCL (m) perform display.

Specifically, at timing t5, the gate driver 12 selects one
horizontal line used for the display operation by changing
the voltage of the scan signal Vscan (m) from the low level
to the high level. The source dniver 13 supplies the pixel
voltage VR for the sub-pixel SPix of red to the source
selector 135S as the image signal Vsig (D) in FIG. 21),
generates the switch control signal VselR, which keeps the
high level during a period of supplying the pixel voltage VR,
and supplies the generated switch control signal VselR to the
source selector 13S ((E) in FIG. 21). The source selector 13S

separates the pixel voltage VR supplied from the source
driver 13 from the image signal Vsig by turning on the
switch SWR during a period (a writing period PW) in which
the voltage of the switch control signal VselR 1s at the high
level, and supplies the separated pixel voltage VR to the

sub-pixels SPix of red in the horizontal line as the pixel
signal VpixR through the pixel signal line SGL ((F) 1n FIG.

21). After the switch SWR 1s turned off, the pixel signal line

SGL 1s 1n the floating state. As a result, the voltage of the
pixel signal line SGL 1s maintained ((F) in FIG. 21).

Likewise, the source driver 13 supplies the pixel voltage VG
for the sub-pixels SPix of green to the source selector 135
together with the corresponding switch control signal VselG

(D) and (E) 1n FIG. 21). The source selector 13S separates

the pixel voltage VG from the image signal Vsig based on
the switch control signal VselG, and supplies the pixel
voltage VG to the sub-pixels SPix of green in the horizontal
line as the pixel signal VpixG through the pixel signal line
SGL ((F) in FIG. 21). Likewise, the source driver 13
supplies the pixel voltage VB for the sub-pixels SPix of blue

to the source selector 13S together with the corresponding
switch control signal VselB ((D) and (E) in FIG. 21). The

source selector 13S separates the pixel voltage VB from the
image signal Vsig based on the switch control signal VselB,
and supplies the pixel voltage VB to the sub-pixels SPix of
blue 1n the horizontal line as the pixel signal VpixB through
the pixel signal line SGL ((F) in FIG. 21).

At timing t6, the gate driver 12 changes the voltage of the
scan signal Vscan (m) of the m-th scan line GCL from the
high level to the low level ((C) 1n FIG. 21). As a result, the
sub-pixels SPix on the horizontal line used for the display
operation are electrically 1solated from the pixel signal line
SGL.

At timing t10, the horizontal period ends and a new
horizontal period starts.

With the repetition of the operation described above, 1n
the display device with a touch detection function 1, the
display operation 1s performed on the entire display screen
by the line sequential scanning and touch detection opera-
tion 1s performed on the entire touch detection surface by
scanning each drive electrode block B 1n the following
mannet.

(A) 1in FIG. 22 illustrates a waveform of the touch drive
signal VcomAC. (B) 1n FIG. 22 illustrates a wavetorm of the
display drive signal VcomDC. (C) i FIG. 22 illustrates a
wavelorm of the drive electrode selecting signal VCOM-
SEL. (D) 1n FIG. 22 illustrates a wavelorm of the scan signal
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ST. (E) in FIG. 22 1llustrates a waveiorm of the display drive
signal Vcom. (F) 1n FIG. 22 1llustrates a waveform of the
touch detection signal Vdet.

The dnive electrode driver 14 performs the touch detection
scan by sequentially applying the touch drive signal Vco-
mAC to the respective corresponding drive electrode blocks
B ((E) in FIG. 22) based on the scan signal ST ((D) in FIG.
22) generated by the touch detection scan unit 52. In the
touch detection scan, the drive electrode driver 14 applies
the touch dnive signal VcomAC to the respective drive
clectrode blocks B 1n a certain plurality of horizontal periods
((Exn FIG. 22). The touch detection unit 40 samples the
touch detection signal Vdet based on the touch drive signal
VcomAC 1 each horizontal period 1H. After the touch
detection unit 40 completes the sampling 1n the last hori-
zontal period of the plurality of horizontal periods, the signal
processor 44 detects whether a touch exists 1n areas corre-
sponding to the respective drive electrode blocks B based on
the plurality of sampling results. The touch detection thus
performed based on the plurality of sampling results enables
the sampling results to be statistically analyzed, thereby
making 1t possible to reduce the deterioration of a signal-
to-noise (S/N) ratio due to variations 1 sampling results. As
a result, touch detection accuracy can be increased. The
touch drive signal VcomAC 1llustrated in FIG. 21 or 22 has
a single rectangular wave for schematically explaining the
signal. The touch drive signal VcomAC may be composed
of a plurality of waves as 1illustrated in FIG. 6. The display
device with a touch detection function 1 according to the
first embodiment separates the touch detection operation
(touch detection operation period) and the displaying opera-
tion (displaying period) and supplies the drive signal Vcom
(the display drive voltage VcomDC and the drive signal
VcomAC) to the drive electrodes COML 1n a time-division
manner. As described above, the display device with a touch
detection function 1 according to the first embodiment may
separate the touch detection operation (touch detection
operation period) and the displaying operation (displaying
period) and supply the drive signal Vcom (the display drive
voltage VcomDC and the drive signal VcomAC) to the drive
clectrodes COML 1n a time-division manner, 1n one display
horizontal period. The display device with a touch detection
function 1 according to the first embodiment may separate a
plurality of times of touch detection operation (touch detec-
tion operation periods) and a plurality of times of displaying
operation (displaying periods) and supply the drive signal
Vcom (the display drive voltage VcomDC and the drive
signal VcomAC) to the drive electrodes COML 1n a time-
division manner, 1 one display horizontal period. The
display device with a touch detection function 1 according
to the first embodiment may separate the touch detection
operation (touch detection operation period) and the dis-
playing operation (displaying period) and process the dis-
play operation corresponding to a plurality of horizontal
periods 1n one display period.

1-1C. Advantages

As described above, 1n display device with a touch
detection function 1 according to the first embodiment, the
display wiring LDC supplying the display drive voltage
VcomDC to the dnive electrodes COML and the touch
wiring LAC supplying the touch drive signal VcomAC to
the drive electrodes COML are routed 1n the frame areas. For
example, 1n the liquid crystal display device using a liquid
crystal of a lateral electric field mode such as FFS, the
display function layer tends to operate stably when the
display wiring LDC 1s arranged close to the pixels corre-

sponding to the color areas 32R, 32G, and 32B. Thus, the
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selection switches SW1 to SW4 are arranged between the
touch wiring LAC and the display wiring LDC. The selec-
tion switches SW1 to SW4 each includes the connecting
conductors Q1, Q2, and Q3 as through holes in different

layers. The selection switch SW1 (as the representative
example of the selection switches SW1, SW2, SW3, and
SW4) includes the multiple switches COMSW for each
drive electrode COML. All of the switches COMSW operate
in response to the switch control signals Ssw and Sxsw to
couple the touch wiring LAC to the drive electrode COML
and apply the touch drive signal VcomAC to the drive
clectrode COML. This configuration can reduce the inter-
connection resistance 1 the selection switch SW1 by
increasing the number of connecting conductors Q1, Q2, and
(03, which supply power.

The touch wiring LAC has a predetermined interconnec-
tion resistance component of the switch SW1 and a parasitic
capacitance between itself and the drive electrodes COML
included in the drive electrode block B to which the drive
signal VcomAC 1s applied through the touch wiring LAC.
Thus, the transition time of the pulse of the drive signal
VecomAC may get longer at the drive electrode block B
disposed away from the COG 19 (drive signal generator). In
the selection switch SW1 according to the first embodiment,
the multiple CMOS switches CMOS1 and CMOS2 of the
switch COMSW are prowded in parallel with each other
between the touch wiring LAC and the drive electrode
COML, for each drive electrode COML. All of the CMOS
switches CMOS1 and CMOS2 operate in response to the
switch control mgnals serving as the selection signals to
couple the touch wiring LAC to the drive electrode COML,
and can supply the touch drive signal VcomAC to the drive
clectrode COML. This configuration enables the display
device with a touch detection function 1 according to the
first embodiment to reduce the interconnection resistance of
the switch SW1. As a result, the display device with a touch
detection function 1 according to the first embodiment can
reduce the potentiality that the transition time of the pulse of
the drive signal VcomAC gets longer at the drive electrode
block B disposed near the end of the touch wiring LAC.

1-2. Second E

Embodiment

The following describes the display device with a touch
detection function 1 according to a second embodiment.
FIG. 23 1s a schematic diagram 1llustrating an example of the
controller of the display device with a touch detection
function according to the second embodiment. FIG. 24 1s a
block diagram illustrating the drive unit of the drnive elec-
trode driver according to the second embodiment. FIG. 235 1s
a block diagram illustrating an arrangement example of the
selection switches of the drive electrode driver according to
the second embodiment. The same constituent elements as
the first embodiment are labeled with the same reference
numerals, and the duplicated descriptions thereof are omit-
ted. In FIGS. 25 and 26, the configuration on the first gate
driver 12A side 1s described. The configuration on the
second gate driver 12B side 1s the same as that on the first
gate driver 12A side.

As 1llustrated i FI1G. 23, the pixel substrate 2 includes, on
the surface of the TFT substrate 21 of a transparent 1nsula-
tion substrate (e.g., a glass substrate), the display area Ad in
which a large number of pixels including liquid crystal cells
are arranged 1 a matrix (rows and columns), the source
driver (horizontal drive circuit) 13, and the gate drivers
(vertical drive circuits) 12A and 12B. The gate drnivers
(vertical drive circuits) 12A and 12B are arranged as the first
gate driver 12A and the second gate driver 12B with the
display area Ad interposed therebetween. The first gate
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driver 12A and the second gate driver 12B alternately apply
the vertical scan pulse to the scan line GCL 1n the scan
direction to select the respective sub-pixels SPix in the
display area Ad row by row. The first gate driver 12 A and the
second gate driver 12B are arranged at the ends of the scan
line GSL 1n the longitudinal direction and alternately apply
the vertical scan pulse to every other scan line GCL to select
the respective pixels 1n the display area Ad row by row.
As 1llustrated 1n FIG. 24, the number of scan lines GCL
reaching the first gate driver 12A or the second gate driver
12B after passing over the display area Ad and through the
frame Gd 1s smaller than that in the first embodiment. As a
result, the odd-number-th scan lines GCL coupled to the first
gate dniver 12A pass through the frame Gd and into the
display area Ad and the even-number-th scan lines GCL
coupled to the second gate driver 12B pass through the
frame Gd and into the display area Ad. As a result, the
CMOS switch CMOS1 of the selection switch SW1 1s
disposed 1n an area between the scan lines GCL (e.g., the
scan lines GCL, _ , and GCL___ ) intersecting with the touch
wiring LAC (the display wiring LDC) 1n a grade separation
manner. For example, the scan lines GCL coupled to the first
gate driver 12A (e.g., the scan lines GCL,_  , and GCL__ ;)
intersect with the touch wiring LAC on the first gate driver
12A side 1n a grade separation manner but do not intersect
with the touch wiring LAC on the second gate driver 12B
side 1 a grade separation manner. The scan lines GCL
coupled to the second gate driver 12B (e.g., the scan lines
GCL,_ ., and GCL, _,) intersect with the touch wiring LAC
on the second gate driver 12B side 1n a grade separation
manner but do not mtersect with the touch wiring LAC on
the first gate driver 12A side 1n a grade separation manner.
The distance between the scan lines GCL intersecting with
the touch wiring LAC (the display wiring LDC) 1n a grade
separation manner 1s larger than that between the adjacent
scan lines GCL 1n the display area Ad. In other words, the
distance between the scan lines GCL 1n the frame Gd 1is
larger than that between the adjacent scan lines GCL 1n the
display area Ad. With an increase 1n distance between the
scan lines GCL 1n the frame Gd, an area increases 1n which
the selection switch SW1 (the CMOS switches CMOS1 and
CMOS2) can be disposed. The increase 1n number or 1n area
of connecting conductors Q1, Q2, and Q3 can reduce the
interconnection resistance of the selection switch SW1.
The selection switch SW1 1s disposed not only in the
frame area Gd on the first gate driver 12 A side but also 1n the
frame area Gd on the second gate driver 12B side. The
selection switch SW1 disposed 1n the frame area Gd on the
second gate driver 12B side can select the connection
between the touch wiring LAC disposed on the second gate
driver 12B side and the electrodes COML or the connection
between the display wiring LDC disposed on the second
gate driver 12B side and the electrodes COML. In this case,
the selection switch on the first gate driver 12A side and the
selection switch on the second gate driver 12B side that are
coupled to the same drive electrode COML select the same
type of the wiring (the touch wiring LAC or the display
wiring LDC). For example, the selection switch SW1 on the
second gate driver 12B side coupled to the same drive
clectrode COML as the selection switch SW1 on the first
gate driver 12A side selects the connection between the
touch wiring LAC and the drive electrode COML when the
selection switch SW1 on the first gate driver 12 A side selects
the connection between the touch wiring LAC and the drive
clectrode COML. The selection switch SW1 on the second
gate driver 12B side coupled to the same drive electrode
COML as the selection switch SW1 on the first gate driver
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12A side selects the connection between the display wiring
LDC and the dnive electrode COML when the selection
switch SW1 on the first gate driver 12A side selects the
connection between the display wiring LDC and the drive
clectrode COML.

Advantages

The reduction 1n pixel pitches with an increase in accu-
racy may increase the interconnection resistance of the
selection switch SW1 when the selection switch SW1 1s
disposed between the scan lines GCL the distance of which
corresponds to the pitch between the sub-pixels SPix as
described 1n the first embodiment. In contrast, the display
device with a touch detection function 1 according to the
second embodiment can keep the interconnection resistance
of the selection switch SW1 low even if the pixel pitches are
reduced with an increase 1n accuracy because the selection
switch SW1 can be disposed between the scan lines GCL the
distance of which 1s larger than the pitch between the
sub-pixels SPix. In addition, the interconnection resistance
in the selection switch SW1 can be reduced by increasing the
number of connecting conductors Q1, 2, and Q3, which
supply power.

The touch wiring LAC has a predetermined 1nterconnec-
tion resistance component of the switch SW1 and a parasitic
capacitance between itself and the drive electrodes COML
included 1n the drive electrode block B to which the drive
signal VcomAC 1s applied through the touch wiring LAC.
Thus, the transition time of the pulse of the drive signal
VcomAC may get longer at the drive electrode block B
disposed away from the COG 19 (drnive signal generator).
The multiple CMOS switches CMOS1 and CMOS2 of the
switch COMSW of the selection switch SW1 (as a repre-
sentative example of the switches SW1, SW2, SW3, and
SW4) according to the second embodiment are provided 1n
parallel with each other between the touch wiring LAC and

the drive electrode COML, for each drive electrode COML.
All of the CMOS SWltches CMOS1 and CMOS2 operate 1n
response to the switch control signals serving as the selec-
tion signals to couple the touch wiring LAC to the drive
clectrodes COML, and can supply the touch drive signal
VcomAC to the drive electrode COML. The display device
with a touch detection function 1 according to the second
embodiment reduces the potentiality that the transition time
of the pulse of the drive signal VcomAC gets longer at the
drive electrode block B disposed near the end of the touch
wiring LAC because the interconnection resistance of the
selection switch SW1 1s reduced.

The selection switch SW1 according to the second
embodiment can be reduced in size 1n a direction in parallel
with the scan line and can be increased 1n size 1n a direction
perpendicular to the scan line. As a result, 1n the display
device with a touch detection function 1 according to the
second embodiment, the width Gdv in the frame Gd 1illus-
trated 1 FIG. 7 can be reduced. The width Gdv 1s the width
of the area 1n parallel with the scan line 1n the frame Gd and
in which area the selection switch SW1 1s disposed.

1-3. Third Embodiment

The following describes the display device with a touch
detection function 1 according to a third embodiment. FIG.
26 1s a block diagram 1llustrating the drive unit of the drive
clectrode driver according to the third embodiment. FI1G. 27
1s a block diagram illustrating an arrangement example of
the selection switches of the drive electrode driver according
to the third embodiment. The same constituent elements as
the first and the second embodiments are labeled with the
same reference numerals, and the duplicated descriptions

thereof are omitted. In FIGS. 25 and 26, the drive electrode
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driver on the first gate driver 12A side 1s described. The
configuration on the second gate driver 12B side 1s the same
as that on the first gate driver 12A side.

As 1llustrated 1n FIG. 23, the pixel substrate 2 includes, on
the surface of the TFT substrate 21 of a transparent 1nsula-
tion substrate (e.g., a glass substrate), the display area Ad in
which a large number of pixels including liquid crystal cells
are arranged 1n a matrix (rows and columns), the source
driver (horizontal drive circuit) 13, and the gate drivers
(vertical drive circuits) 12A and 12B, also in the third
embodiment. The gate drivers (vertical drive circuits) 12A
and 12B are arranged as the first gate driver 12A and the
second gate driver 12B with the display area Ad interposed
therebetween. The first gate driver 12A and the second gate
driver 12B alternately apply the vertical scan pulse to the
scan lmme 1n the scan direction to select the respective
sub-pixels SPix in the display area Ad row by row.

As 1llustrated 1n FIG. 26, the number of scan lines GCL

reaching the first gate driver 12A or the second gate driver
12B after passing over the display area Ad and through the
frame Gd 1s smaller than that in the first embodiment. The
plurality of scan lines are arranged between the adjacent
switches COMSW. For example, the scan lines GCL __ , and
GCL__. are arranged between the adjacent switches
COMSW, and the scan lines GCL__. and GCL__. are
arranged between the adjacent switches COMSW. The
arrangement pitch of the scan lines arranged in such a
manner coincides with the arrangement pitch of the gate
shift registers 120SR of the first gate driver 12A (the second
gate driver 12B). The gate shift registers 120SR control two
scan lines GCL as a pair. In the selection switch SW1, the
space for the switch COMSW corresponds to four arrange-
ment pitches of the sub-pixels SPix and the repeating pitch
of the switch COMSW corresponds to eight arrangement
pitches of the sub-pixels SPix. As a result, the even-number-
th scan lines GCL coupled to the first gate driver 12A pass
through the frame Gd and into the display area Ad and the
odd-number-th scan lines GCL coupled to the second gate
driver 12B pass through the frame Gd and mto the display
areca Ad. As a result, the CMOS switch CMOS2 1s disposed
in an area between the scan lines GCL that intersect with the
touch wiring LAC (the display wiring LDC) 1n a grade
separation manner and adjacent to the CMOS switches
CMOS1 and CMOS2 (e.g., between the scan lines GCL,
and GCL,__ .). For example, the scan lines GCL (e.g., the
scan lmes GCL__,, GCL .., GCL . . and GCL __ )
coupled to the first gate driver 12A intersect with the touch
wiring LAC on the first gate driver 12A side in a grade
separation manner but do not intersect with the touch wiring
L.AC on the second gate driver 12B side in a grade separa-
tion manner. The scan lines GCL coupled to the second gate
driver 12B (e.g., the scan lines GCL__,, GCL ., GCL __ .,
and GCL,_ _ ) intersect with the touch wiring LAC on the
second gate driver 12B side 1n a grade separation manner but
do not intersect with the touch wiring LAC on the first gate
driver 12A side 1n a grade separation manner. The distance
between the scan lines GCL intersecting with the touch
wiring LAC (the display wiring LDC) 1n a grade separation
manner 1s larger than that between the adjacent scan lines
GCL 1n the display area Ad. With an increase in distance
between the scan lines GCL in the frame (Gd, an area
increases in which the selection switch SW1 (the CMOS
switch CMOS2) can be disposed. The increase in number or
in area of connecting conductors Q1, Q2, and Q3 can reduce
the 1interconnection resistance of the selection switch SW1,
for example.
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The selection switch SW1 1s disposed not only in the
frame area Gd on the first gate driver 12 A side but also 1n the
frame area Gd on the second gate driver 12B side. The
selection switch SW1 disposed 1n the frame area Gd on the
second gate driver 12B side can select the connection
between the touch wiring LAC disposed on the second gate
driver 12B side and the electrodes COML or the connection
between the display wiring LDC disposed on the second
gate driver 12B side and the electrodes COML. In this case,
the selection switch on the first gate driver 12 A side and the
selection switch on the second gate driver 12B side that are
coupled to the same drive electrode COML select the same
type of the wiring (the touch wiring LAC or the display
wiring LDC). For example, the selection switch SW1 on the
second gate driver 12B side coupled to the same drive
clectrode COML as the selection switch SW1 on the first
gate driver 12A side selects the connection between the
touch wiring LAC and the dnive electrode COML when the
selection switch SW1 on the first gate driver 12 A side selects
the connection between the touch wiring LAC and the drive
clectrode COML. The selection switch SW1 on the second
gate driver 12B side coupled to the same drive electrode
COML as the selection switch SW1 on the first gate driver
12A side selects the connection between the display wiring
LDC and the drive electrode COML when the selection
switch SW1 on the first gate driver 12A side selects the
connection between the display wiring LDC and the drive
clectrode COML.

Advantages

The reduction 1n pixel pitches with an increase in accu-
racy may increase the interconnection resistance of the
selection switch SW1 when the selection switch SW1 1s
disposed 1n the scan lines GCL the distance of which
corresponds to the pitch between the sub-pixels SPix as
described 1n the first embodiment. In contrast, display device
with a touch detection function 1 according to the third
embodiment can keep the interconnection resistance of the
selection switch SW1 low even 1f the pixel pitches are
reduced with an 1ncrease 1n accuracy because the selection
switch SW1 can be disposed between the scan lines GCL the
distance of which 1s larger than the pitch between the
sub-pixels SPix. In addition, the interconnection resistance
in the selection switch SW1 can be reduced by increasing the
number of connecting conductors Q1, Q2, and Q3, which
supply power.

The touch wiring LAC has a predetermined 1nterconnec-
tion resistance component of the switch SW1 and a parasitic
capacitance between itself and the drive electrodes COML
included 1n the drive electrode block B to which the drive
signal VcomAC 1s applied through the touch wiring LAC.
Thus, the transition time of the pulse of the drive signal
VcecomAC may get longer at the drive electrode block B
disposed away from the COG 19 (drive signal generator).
The multiple CMOS switches CMOS1 and CMOS2 of the
switch COMSW of the selection switch SW1 (as a repre-
sentative example of the switches Swl, SW2, SW3, and
SW4) according to the third embodiment are provided 1n

parallel with each other between the touch wiring LAC and
the drive electrode COML, for each drive electrode COML.

All of the CMOS SWltches CMOS1 and CMOS2 operate 1n
response to the switch control signals serving as the selec-
tion signals to couple the touch wiring LAC to the corre-
sponding drive electrode COML, and can supply the touch
drive signal VcomAC to the drnive electrode COML. The

display device with a touch detection function 1 according
to the third embodiment reduces the potentiality that the
transition time of the pulse of the drive signal VcomAC gets




US 10,606,428 B2

29

longer at the drive electrode block B disposed near the end
of the touch wiring L AC because the interconnection resis-
tance of the selection switch SW1 1s reduced.

The selection switch SW1 according to the third embodi-
ment can be reduced 1n size 1n a direction in parallel with the
scan line and can be 1ncreased 1n size 1 a direction perpen-
dicular to the scan line. As a result, 1n the display device with
a touch detection function 1 according to the third embodi-
ment, the width Gdv 1n the frame Gd illustrated in FIG. 7 can
be reduced. The width Gdv 1s the width of the area in parallel
with the scan line in the frame Gd and in which area the
selection switch SW1 1s disposed.

The present disclosure 1s not limited to the embodiments
and the modifications described above and can be modified
In various ways.

The display device with a touch detection function 1
according to the embodiments and the modifications
described above can include the display unit with a touch
detection function 10 that 1s configured by integrating the
touch detection device 30 and the liquid crystal display unit
20 using a liquid crystal of various modes such as FFS and
IPS. FIG. 28 1s a cross-sectional diagram illustrating a
schematic cross-sectional structure of the display unit with
a touch detection function according to a modification. The
display unit with a touch detection function 10 according to
the modification illustrated 1n FIG. 28 may be configured by
integrating the touch detection device and a liquid crystal of
various modes such as twisted nematic (TN), vertical align-
ment (VA), and electrically controlled birefringence (ECB)
modes.

As 1llustrated in FIG. 28, the touch wiring LAC and the
display wiring LDC may be provided to the counter sub-
strate 3 when the drive electrodes COML are provided to the
counter substrate 3. With this configuration, the distance
between the drive electrodes COML and the touch wiring,
LAC (the display wiring L.DC) 1s shortened. The scan lines
GCL provided to the TF'T substrate 21 intersect with the
touch wiring LAC and the display wiring LDC 1n a grade
separation manner 1n the same manner as the first, the
second, and the third embodiments. As a result, the touch
wiring LAC 1s provided in the frame area Gd located outside
the display area Ad in the direction perpendicular to the TFT
substrate 21.

In the embodiments described above, the display unit with
a touch detection function 10 1s an in-cell type, 1n which the
liquid crystal display umit 20 and the electrostatic capaci-
tance touch detection device 30 are integrated. The display
unit with a touch detection function 10 however 1s not
limited to this type. The display unit with a touch detection
tfunction 10 may be an on-cell type 1n which the electrostatic
capacitance touch detection device 30 i1s attached on the
liquid crystal display unit 20. In the on-cell type, the drive
clectrodes COML of the pixel substrate 2 illustrated 1n FIG.
8 operates as first drive electrodes COML, and second drive
clectrodes COML are provided on the surface of the glass
substrate 31, and the first and the second drive electrodes are
clectrically coupled. In this case, the use of the configuration
described above enables the touch detection to be performed
without being influenced by the external noises and the
noises propagated from the liquid crystal display device
(corresponding to the internal noises 1n the embodiments).

2. Application Examples

The following describes application examples of the
display device with a touch detection function 1 described 1n
the embodiments and the modification with reference to
FIGS. 29 to 41. FIGS. 29 to 41 are schematic diagrams

illustrating examples of an electronic apparatus to which the
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1splay device with a touch detection function according to
ne embodiments 1s applied. The display device with a touch
etection function 1 according to the first, the second, and
ne third embodiments can be applied to all the fields of
clectronic apparatuses such as television apparatuses, digital
cameras, notebook personal computers, portable terminals
such as portable phones, and video cameras. In other words,
the display device with a touch detection function 1 accord-
ing to the first, the second, and the third embodiments and
the modification can be applied to all the fields of electronic
apparatuses displaying an externally input video signal or an
internally generated image signal as an image or a video.

2-1. Application Example 1

The electronic apparatus 1illustrated i FIG. 29 15 a tele-
vision apparatus to which the display device with a touch
detection function 1 according to the first, the second, and
the third embodiments and the modification 1s applied. The
television apparatus mcludes a video display screen unit 510
having a front panel 511 and a filter glass 512, for example.
The video display screen unit 510 1s the display device with
a touch detection function according to the first, the second,
and the third embodiments and the modification.

2-2. Application Example 2

The electronic apparatus illustrated in FIGS. 30 and 31 1s
a digital camera to which the display device with a touch
detection function 1 according to the first, the second, and
the third embodiments and the modification 1s applied. The
digital camera includes a light-emitting unit 521 for flash, a
display unit 522, a menu switch 523, and a shutter button
524, for example. The display unit 522 1s the display device
with a touch detection function according to the first, the
second, and the third embodiments and the modification.

2-3. Application Example 3

FIG. 32 1llustrates an outer appearance of a video camera
to which the display device with a touch detection function
1 according to the first, the second, and the third embodi-
ments and the modification 1s applied. The video camera
includes a main body 331, a subject photographing lens 532
disposed on the front side surface of the main body 531, a
photographing start/stop switch 533, and a display unit 534,
for example. The display unit 534 1s the display device with
a touch detection function according to the first, the second,
and the third embodiments and the modification.

2-4. Application Example 4

The electronic apparatus illustrated 1n FIG. 33 1s a note-
book personal computer to which the display device with a
touch detection function 1 according to the first, the second,
and the third embodiments and the modification 1s applied.
The notebook personal computer includes a main body 541,
a keyboard 542 for input operation of characters, and a
display unit 543 displaying an image, for example. The
display unit 543 1s the display device with a touch detection
function according to the first, the second, and the third
embodiments and the modification.

2-5. Application Example 5

The electronic apparatus illustrated 1n FIGS. 34 to 40 1s a
portable phone to which the display device with a touch
detection function 1 according to the first, the second, and
the third embodiments and the modification 1s applied. The
portable phone mcludes an upper case 551 and a lower case
552 that are coupled with a joint (hinge) 553, a display 554,
a sub display 555, a picture light 556, and a camera 557, for
example. The display 354 or the sub display 355 is the
display device with a touch detection function according to
the first, the second, and the third embodiments and the
modification.

C
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2-6. Application Example 6

The electronic apparatus illustrated in FIG. 41 1s an
information portable terminal that operates as a portable
computer, a multi-functional portable phone, a portable
computer having a voice communication function, or a
portable computer having a communication function, and 1s
called a smartphone or a tablet terminal. The information
portable terminal includes a housing 561 having a display
unit 562 on the surface thereof, for example. The display
unit 562 1s the display device with a touch detection function
1 according to the first, the second, and the third embodi-
ments and the modification.

3. Aspects of the Present Disclosure

The present disclosure includes the following aspects.

(1) A display device with a touch detection function, com-
prising;

a display area including a plurality of pixel electrodes
arranged 1n a matrix on a substrate;

a plurality of drive electrodes that are disposed to face the
plurality of pixel electrodes;

a display function layer that has an 1image display function
to display an 1mage in the display area;

a controller that performs 1image display control to fulfill
the image display function of the display function layer
by applying a display drive voltage between the plu-
rality of pixel electrodes and the plurality of drive

clectrodes based on an 1mage signal;

a plurality of touch detection electrodes that face the

plurality of dnive electrodes, and form an electrostatic
capacitance between the plurality of drive electrodes
and the plurality of touch detection electrodes;

a touch detection unit that detects a position of an
approaching object based on a detection signal from the
plurality of touch detection electrodes;

touch wiring that 1s routed 1n a frame area located outside
the display area and supplies a touch drive signal to the
plurality of drnive electrodes; and

a plurality of switch groups that are provided for each of
the plurality of drive electrodes, each of the plurality of
switch groups having a plurality of selection switches
that operate based on a selection signal from the
controller, wherein

the plurality of switch groups select a drive electrode to be
coupled to the touch wiring from the plurality of drive
clectrodes based on a selection signal from the con-
troller, and

the plurality of selection switches for each of the plurality
of switch groups are coupled 1n parallel with each other
between a corresponding drive electrode and the touch
wiring, and for each of the plurality of drive electrodes,
all of the plurality of selection switches operate 1n
accordance with the selection signal, couple the corre-
sponding drive electrodes and the touch wiring, and
apply the touch drive signal to the corresponding drive
clectrodes.

(2) The display device with a touch detection function
according to (1), wherein

the controller includes a vertical drive circuit,

the vertical drive circuit 1s coupled to a plurality of scan
lines that select pixels in a row unit, and

the plurality of scan lines intersect with the touch wiring
in a grade separation manner and the selection switches
are arranged 1n an area between the adjacent scan lines.

(3) The display device with a touch detection function
according to (2), wherein

the vertical drive circuit includes a first vertical drive
circuit and a second vertical drive circuit,
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the first and the second vertical drive circuits are disposed
at ends of the plurality of scan lines 1n a longitudinal
direction of the plurality of scan lines and select the
respective pixels in the display area row by row by
alternately applying a vertical scan pulse to every other
scan line, and

a distance between the scan lines intersecting with the
touch wiring in a grade separation manner 1s larger than
a distance between the adjacent scan lines 1n the display
area.
(4) The display device with a touch detection function
according to (2), wherein
the vertical drive circuit includes a first vertical circuit and
a second vertical circuit,

the first and the second vertical drive circuits are disposed
with the plurality of scan lines interposed therebetween
in an extending direction of the plurality of scan lines,
and select the respective pixels 1n the display area row
by row by alternately applying a vertical scan pulse to
the scan lines 1n a scan direction,

the scan lines are arranged between the adjacent selection
switches, and

a distance between the scan lines intersecting with the
touch wiring 1 a grade separation manner and being
adjacent to the selection switch 1s larger than a distance
between the adjacent scan lines in the display area.
(5) The display device with a touch detection function
according to (3), wherein
the touch wiring includes first touch wiring on the first
vertical drive circuit side and second touch wiring on
the second vertical drive circuit side,

the scan lines coupled to the first vertical drive circuit
intersect with the first touch wiring on the first vertical
drive circuit side 1n a grade separation manner and do
not intersect with the second touch wiring on the
second vertical drive circuit side 1n a grade separation
manner, and

the scan lines coupled to the second vertical drive circuit
intersect with the second touch wiring on the second
vertical drive circuit side i a grade separation manner
and do not intersect with the first touch wiring on the
first vertical drive circuit side 1n a grade separation
mannet.
(6) The display device with a touch detection function
according to (4), wherein
the touch wiring includes first touch wiring on the first
vertical drive circuit side and second touch wiring on
the second vertical drive circuit side,

the scan lines coupled to the first vertical drive circuit
intersect with the first touch wiring on the first vertical
drive circuit side 1n a grade separation manner and do
not intersect with the second touch wiring on the
second vertical drive circuit side 1n a grade separation
manner, and

the scan lines coupled to the second vertical drive circuit
intersect with the second touch wiring on the second
vertical drive circuit side i a grade separation manner
and do not intersect with the first touch wiring on the
first vertical drive circuit side 1n a grade separation
mannet.

(7) The display device with a touch detection function
according to (2), wherein a distance between the scan
lines intersecting with the touch wiring in a grade sepa-
ration manner 1s a distance between the adjacent scan
lines 1n the display area.

(8) The display device with a touch detection function
according to (1), further comprising;:
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display wiring that supplies the display drive voltage,
wherein

the display wiring 1s disposed closer to the display area
than the touch wiring.

(9) The display device with a touch detection function
according to (8), wherein the plurality of selection
switches select either a connection between the plurality
of drnive electrodes and the display wiring or a connection
between the plurality of drive electrodes and the touch
wiring in a time-division manner.

(10) An electronic apparatus having a display device with a
touch detection function capable of detecting an exter-
nally approaching object, the display device with a touch
detection function comprising:

a display area including a plurality of pixel electrodes
arranged 1n a matrix on a substrate;

a plurality of drive electrodes that are disposed to face the
plurality of pixel electrodes

a display function layer that has an 1image display function
to display an 1mage in the display area;

a controller that performs 1image display control to tuliill
the image display function of the display function layer
by applying a display drive voltage between the plu-
rality of pixel electrodes and the plurality of drive

clectrodes based on an 1mage signal;

a plurality of touch detection electrodes that face the

plurality of dnive electrodes, and form an electrostatic

capacitance between the plurality of drive electrodes
and the plurality of touch detection electrodes;

a touch detection unit that detects a position of an
approaching object based on a detection signal from the
plurality of touch detection electrodes;

touch wiring that 1s routed 1n a frame area located outside
the display area and supplies a touch drive signal to the
plurality of drnive electrodes; and

a plurality of switch groups that are provided for each of
the plurality of drive electrodes, each of the plurality of
switch groups having a plurality of selection switches
that operate based on a selection signal from the
controller, wherein

the plurality of switch groups select a drive electrode to be
coupled to the touch wiring from the plurality of drive
clectrodes based on a selection signal from the con-
troller, and

the plurality of selection switches for each of the plurality
of switch groups are coupled 1n parallel with each other
between a corresponding drive electrode and the touch
wiring, and for each of the plurality of drive electrodes,
all of the plurality of selection switches operate 1n
accordance with the selection signal, couple the corre-
sponding drive electrodes and the touch wiring, and
apply the touch drive signal to the corresponding drive
clectrodes.

The display device with a touch detection function and the
clectronic apparatus according to the disclosure can reduce
the interconnection resistances of the selection switches that
select the drive electrode to which the drive signal 1s applied
and also reduce the frame 1n size.

Examples of the electronic apparatus include, but are not
limited to, a television device, a digital camera, a personal
computer, a video camera, and a portable terminal device
such as a portable phone.

It should be understood that various changes and modi-
fications to the presently preferred embodiments described
herein will be apparent to those skilled i the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
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without diminishing 1ts intended advantages. It 1s therefore
intended that such changes and modifications be covered by
the appended claims.

The mvention 1s claimed as follows:

1. A display device with a touch detection function,
comprising;

a display area including a plurality of pixels arranged 1n

a matrix on a substrate;:

a plurality of drive electrodes disposed to face at least one

of the pixels;

a display function layer that has an 1image display function

to display an 1mage in the display area;

touch wiring that 1s routed 1n a frame area located outside

the display area and supplies an alternating current
touch drive signal to the drive electrodes;

display wiring that supplies a display drive voltage; and

a plurality of switches conducting between at least one of

the drive electrodes and the touch wiring 1n a touch
detection period, and conducting between at least one
of the drive electrodes and the display wiring in a
display period,

wherein the display wiring 1s disposed closer to the

display area than the touch wiring.

2. The display device with a touch detection function
according to claim 1, further comprising a first gate driver,
a second gate driver, and a plurality of scan lines,

wherein the first and second gate drivers are disposed with

the scan lines interposed therebetween in an extending
direction of the scan lines,

wherein the touch wiring includes first touch wiring on a

first gate driver side and second touch wiring on a
second gate driver side,

wherein the plurality of switches include a plurality of

switches on the first gate driver side and a plurality of
switches on the second gate driver side,

wherein the scan lines include a plurality of first scan lines

that intersect with the first touch wiring in a grade
separation manner and a plurality of second scan lines
that intersect with the second touch wiring 1n a grade
separation manner, and

wherein the switches on the first driver side are each

arranged 1n an area between adjacent first scan lines 1n
the plurality of first scan lines, and the switches on the
second driver side are each arranged in an area between
adjacent second scan lines in the plurality of second
scan lines.

3. The display device with a touch detection function
according to claim 2,

wherein a distance between the adjacent first scan lines

and a distance between the adjacent second scan lines
are each larger than a distance between adjacent scan
lines 1n the plurality of scan lines in the display area.

4. The display device with a touch detection function
according to claim 2,

wherein a distance between the scan lines intersecting

with the touch wiring in a grade separation manner 1s
a distance between adjacent scan lines of the plurality
of scan lines 1n the display area.

5. The display device with a touch detection function
according to claim 2,

wherein at least two scan lines in the plurality of scan

lines are arranged between adjacent switches of the
plurality of switches.

6. The display device with a touch detection function
according to claim 1,
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wherein each of the dnive electrodes 1s provided corre-

sponding to one or more switches of the plurality of

switches, and

wherein the one or more switches provided for the drive
clectrode select either a connection between the drive
clectrode and the display wiring or a connection
between the drive electrode and the touch wiring 1n a
time-division manner.

7. The display device with a touch detection function
according to claim 1,

wherein each of the switches i1s coupled to a correspond-
ing drive electrode with a first connecting conductor
and coupled to a corresponding piece of the first and
second touch wiring with a second connecting conduc-
tor.

8. The display device with a touch detection function
according to claim 1,

wherein the switches are divided into a plurality of switch

groups that are provided corresponding to the drive
electrodes, and

wherein each of the switch groups includes a first switch
for applying a first voltage to a corresponding drive
clectrode 1n the drive electrodes and a second switch

for applying a second voltage to the corresponding
drive electrode.

9. The display device with a touch detection function
according to claim 1,
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wherein the display wiring 1s provided with a direct-
current voltage, and the touch wiring 1s provided with
an alternating-current voltage.
10. An electronic apparatus having a display device with
a touch detection function capable of detecting an externally
approaching object, the display device with a touch detec-
tion function comprising:
a display area including a plurality of pixels arranged 1n
a matrix on a substrate;
a plurality of drive electrodes disposed to face at least one
of the pixels;
a display function layer that has an 1mage display function
to display an image 1n the display area;
touch wiring that 1s routed 1n a frame area located outside
the display area and supplies an alternating current
touch drive signal to the drive electrodes;
display wiring that supplies a display drive voltage; and
a plurality of switches conducting between at least one of
the drive electrodes and the touch wiring 1n a touch
detection period, and conducting between at least one
of the drive electrodes and the display wiring in a
display period,
wherein the display wiring 1s disposed closer to the
display area than the touch wiring.
11. The electronic apparatus according to claim 10,
wherein the display wiring 1s provided with a direct-
current voltage, and the touch wiring 1s provided with

an alternating-current voltage.
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